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ways in which the ethical issues that are raised by science might be 
presented and explored by pupils; (9) "Progression in Pupils' Ideas," 
offering student teachers a model of cognitive development; (10) 
"Assessment," emphas izr.ing the need for student teachers to assess 
their pupils' performance in science by any method, formal or 
informal; and (11) "Progress and Potential," providing a framework 
for working with student teachers as they progress through training. 
Two appendices include teacher competencies and three addresses of 
British organizations. (Contains 91 references) ( JRH) 
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Preface 



This book arises from the cxpcriciKcs of staff w orKing over many years in 
training graduates for their entry into the teaching profession. It has always 
been axiomatic at King's C:ollegc London that teachers in schools have an 
essential part to play in partnership with university staff ir. this training. C^ur 
work in developing school-college links has shown us that our co-tutors in 
schools fnid it hard to give the time and thought that they kntnv is needed to 
develop their role to the full. They are well aware that far nn^re is involved 
in preparing new teachers than putting them at the front of a class and criti- 
cizing their performance from the back. 

iviy colleagues have started from the position that they can offer practical 
help for teachers in schools in our shared task of training. The ideas have been 
developed through years of experience from staff who themselves entered the 
university after several years as secondary teachers and who have renewed 
their ctHitact by short periods of classroom teaching in schools in the last few 
years. 1 must acknowledge the many teachers in our partnership scluu^ls wlu) 
have contributed to our course and from whom we have all learnt a great deal 
abtuu the issues addressed in this book. We have been able to distil and 
fashiiMi that experience into guidance that we believe will be helpful to teach- 
ers for whom their part in teacher training is only one of many important 
resptMisibilities which they carry out tov their pupils and dieir schools. 

In drawing up this material the authors have also had access to lessons 
learnt from research studies, in many of which they themselves have played 
a leading part. The advice on issues such as monitoring pupils' learning, or 
handling practical investigations with a set of thirty pupils, is based on re- 
search which has been carried out with teachers in their classrooms. 

Readini\ through these chapters, 1 can see three main principles that 
underlie the appnuch adopted in them. The first is that, despite the varia- 
tions in the spontaneous ability of new teachers, teaching is both an art and a 
craft that can be learned thnuigh hard work which demands cK)se attentit^n 
to lunnerous issues i^f detail. 

The seiond is that the mode to whit li training sluuild be aimetl is that 
ot the thoughtful and competent practitioner, one who can make eflective use 
of a range of skilN, who is well informed about ihe art and cralt of teaching, 
who can rellect pnW'itahly on experience and whose first priority is care for the 
development oj' pupils. 

vii 
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The third, which subsumes the other two, i,s that all of us responsible 
tor training, whether in schools or in universities, are committed to helping 
one another to offer high quality training which gives new entrants the best 
start possible to a career-long process of professional developnieni. This 
book is one expression of niy colleagues' commitment to that quality, and 
I recommend it to teachers in schools as a contribution to their share in that 
commitment. 

Professor Paul Black 
King's College London 
July 1994 
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Who is Learning to Teach Science for? 

Mcmors 

rhc principal purpose of lliis book is to provide mentors with activities to be 
used witli their student teachers. Reading tliis book should reassure teachers 
new to mentoring that this new role is nor st) difficult and that with practice 
and experience they can bcctnne highly effective. 

StlidcfU Tciufu'i^ 

All fifty activities in the bot>k are \or student teachers. Therefore siudent 
teachers n light usefully ha\e their t>wii ct)pics st> as io ha\e direct access {o 
tlie student teacher iu»tes as well as the ctimmentary for mentors. I he notes 
fiw student teachers tipt their acti\iiies are always in a bt)xed format. 

Sdcnu' 7 t'(it"/k'r>- Cscncnilly 

We think there is a lot t>f good advice in the activities, llxporienced teaciiers 
will find it useful to have this text as an inventt)ry against which to check their 
skills and knowledge. We would be disappointed if they did iu)t find sc^me- 
thing new that they had not yet used or tht>ught of 

Why read this book? 

Si icf hi 

1 he at ti\ ilies (or student teachers pro\ ide guidaiue i»n acii\ ities tt) help pupils 
leani science \uovc effectively and more efliciently. We ha\e built m ad\ ice 
on a wide range ol\lifTerent activities f(»r pupils, (ieiierally the third section 
of each chapter, (i.e. .V.V f>.3. S.3 etc.) is where we have placed the greatest 
\ ariety c^l^ altei natu es. 

i.\ 
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Teach irii^ 

Better learning depends upon better teaching. Forty-five of the fifty activities 
focus on the classroom and the work of the teacher. 



Mcfitorsliip 

The nientor'^ brief, in each acti\ity, prcnidcs background information and 
sets the scene. Fach activity has an aim or objective to focus the activity for 
mentors and student teachers. Mentors can save time by directing student 
teachers to the students' notes. Chapter I is specifically written as general ad- 
vice to ment(>rs. C'hapter 1 1 describes activ ities for re\iewing student teachers' 
progress. 

How is the book organized? 

'Die activities are organized in two ways that run across each other, forming 
a matrix. There are chapters with activities sharing a common theme. There 
are phases of a student teacher's develop men t which are identified by the place 
tluy ha\e in the chapter and the numbering of the activity in the chapter. 

.SfU(/t7Jf 7V(?(/it7> ' Di'i'dopnutit RcficiiLd iti ilie Aitii itio tliroti{^h 

• Farly activities (i.e. 2.1, 3.L 4.1 etc.) are for when student teachers 
ha\e just arrived at the school and are finding their way about. 

• Activities that follow are for when student teachers start team teaching 
lessons (i.e. 2.2. 3.2. 4.2 etc.). 

• The third activity in each chapter is generally for when student teacheis 
are teaching ciuiiplete lessons (i.e. 2.3. 3.3, 4.3 etc.). This is where we 
have concentrated on introducing different activities ft^r student teach- 
ers to trial and evaluate for inct^rporation into their own reperti^ires. 

• The penultimate activities in each chapter (i.e. 2.4, 3.4, 4.4 etc.) are 
intended for use when student te.ichers have been teaching complete 
lessons for a tew weeks. It is at this stage that they need to reflect on 
the implications of their planning, t^rganizing and managing tif activ- 
ities tor pupils. This is the time when student teachers might need 
s(»nu- mill-point review (.is in activity ll.-l). 

• 1 he tuial activity of each chapter (i.e. 3.S. 4 3 etc.) aie mtended 
for beyond the mid-point levievv .ind tor when student teachers should 
be thinking in a broader way and hooking tor ward to fuller protes- 
sicHial contn^l. 



Chiiptcrs with AL'tiritics Grouped iu Hhfiu's 
riic themes are: 

• C)bscr\ ing tcaclicrs at work — wliicli sliould be CDiitinued throughout 
the training of tlie student teaclier and not just used at tlie initial stage. 

• Aeti\itios for pupils — wliicli forms tlic principal thrust of' helping t(» 
direct the focus of work for the student teacher onto pupil acti\ity. 

• Planning and maiuiging — which outlines the job specificatioi] for 
planning, organizing and managing acti\itics for pupils. 

• Investigations — which takes student tcaclicrs thrtiugh t)iie of the 
defining features of science. 

• CAMiimunicating science — which alerts student teachers to a wide 
range of communication opportunities in science education. 

• Science and knowledge — which introdu.es issues of the status and 
form of scientific knt)\\ ledge. 

• Science and people — which pro\ides student teathers with pupil 
activities that can humanize science. 

• Progressic^ii in pupils' ideas — which ct>iisiders cognitixe development 
and the possibilities t)f cognitive acceleration and differentiation. 

• Assessment — which ranges from the routines of homework and mark- 
ing through formative assessment to issues on summative assessiuent. 

Chapter 1 and C'hapter 1 1 bracket the whole enterprise. (Chapter 1 opens with 
advice to mentors and CMiapter 11 closes by providing mentors with activ- 
ities for helpiiu' student teachers reflect on their professional progress and 
pt)tential. 

How Can the Book be Used? 

Mcfitor< 

Mentors slu>uld read Chapter 1 first. This sets the scene fi>r the j(»b of 
mentoring, "fhe three actions of team teaching, observing and debrietuig aie 
crucial to the job of the menttM\ Clotid mentorship involves being skilled in 
these actitMis. 

Scanning the first activities in each chapter (i.e. 2.1. .VI, 4.1 etc.). men- 
tors need to select activities tor student teachers as it is unlikely th.u there will 
be lime tor all the activities. The activities selected nec-d to lie scL|uenced and 
linked so as in protluce a scheme of work [or the suuk-iu le.icher. I he s.uue 
process sluuild be repeated when the sUideiit umcIut starts leaiii te.uhiiig (i.e. 
with activities 2.2. .V2. 4,2 etc.). At the end of each phase (W" ilie suuleiil 
teacher's deveK)pment. the appri)priate activity from C!hapter II sluniUi be 
tai l led oui. 
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Student teachers need to read the notes in the boxes for the activities they are 
directed to by their mentors. Tliey will learn more if they also read the Mentor's 
iirief for e.ich activity. This should folk)W the reading of the activity and 
not precede it. C^hapter 1 will initially be of little, or no interest, to student 
teaciiers. 



lixpcrictiLi'ii 'l\\ichcr< 

Activities at the end of each chapter may be most stimulating for experienced 
teachers. Having looked at the last activity in any one chapter, work back- 
wards through the activities (i.e. S.5, H.4, S.3, etc.) to fnui out why the last 
activity was there. 



Our advice is to read the book from co\er to cover. Select cliapters of interest 
and plan school- based INSH T (in-service) arcumd the activities in the chapter. 

The Philosophy of the Activities 

There are five principal ideas that underpin the whole t)f this book. Firstly, 
indi\iduals are responsible for their own learning. Teachers and mentors can 
structure learning opportunities, but it is the pupil or student teacher who has 
to work at producing the change in themselves. 'This chimes with the current 
concerns of a constructivist view of learning. 'The constructivist pliiloscjphy of 
learning is most strongly expressed in C-hapter 10, on progression in pupils' 
learning, hi that chapter, the Piagetian theory of stages of knowledge making 
skills is described. Piagetian stage theory is also applied to the twin issues t)f 
progressi(ui and difTerentiation. 

Seci)ndiy. a strong idea throughout the book is that to change one's 
cognitive practice requires a self-awareness. This is true both for pupils in 
changing their ideas aboi't natural phenomena and for student teachers in 
changing th.ir ideas a be Hit teaching and learning. This self- awareness can lead 
to closing the gap between where one is and where one wants to be. Activities 
for pupils focus on helping pupils to improve their knowledge and skills by 
thinking about their own learning of science. Activities (ov student teachers 
attempt to promote the reflective prolessional as a model. 

A third idea that underpins the whole enterprise is that performance 
depends upi)P skills. Identification of skills is just one step in helping others 
to accjuiie tlu>.se skills. This is true for the mentor helping the student teacher 
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and for the teacher helping pupils. Perscnial and professional development is 
enhanced through sharpening our perceptions and conceptions of what con- 
stitutes a suitable repertoire of skills and how they might be learnt. 

Fourthly, the idea of cooperation and mutual help is important to the 
actix ity of both learning science and learning to teach science. We advocate a 
team-teaching approach from the start. We feel that observation is a continu- 
ing activity that improves the professional practice of mentor and student 
teacher alike. We think that pupils should be encouraged to wt)rk coopera- 
tively in their learning of science. 

Fifthly, certainly not lastly, but perhaps fundamentally, the book is writ- 
ten with the idea that we can change. Hducation is possible. One would think 
that this should go without saying And yet, the culture of the schot)l can be 
such that this idea is sometimes forgotten, and even wt)rsc. suppressed. As 
mentor, student teacher, leacher. INSF. T organiser, pupil, we have to believe 
th.U we can. and will, do hetier. 



The source of the activities and ideas 

Most of the activities in this btH)k derive fnun the routine work of science 
teacher trainers at King's Ciollege I.tiiidon in the training of science teachers, 
l utors at King's have btuh long and wide experience in such training activ- 
ities. The NufTield Science projects of the late l%()s and 197()s were based at 
CJhelsea College, before it joined with the education faculty of King\ C!t)liege 
London. Tutors at King's act as consultants to science education projects 
around the world. Research into science education continues to be i\ flourishing 
part of the work of tutors at King's. That breadth and depth of experience is 
reflected in the wide range of focused activities for student teachers contained 
in this book. 



QEST COPY AVAILABLE 



xiii 



Chapter 1 



Science Teacher Mentoring 



Introduction 

Th.iN chapter focuses on the role of tlic nientor and science teacher dcvcKip- 
ment. It addresses two fuiidanicntal questions: wiuit is involved in bectMiiing 
a science teacher and what does being a inentt)r to student science teachers 
involve? It has been written specifically fov science teachers (the mentors) but 
it may also be useful for teachers responsible for student teachers in a wlu)ie- 
sciiot)! context. The chapter bei;ins with a section on teacher dc\eU)pment. 
This is followed by a section on the role of the mentor in which three key 
actions of menttnini; are discussed: team teaching, observing and debriefing. 
A third section looks at issues which are specific to the training of teachers of 
science. The ft>urtli section looks at issues related to working with mature 
students. 

In the UK. as j^art of the wholesale changes which ttu)k place in prim- 
ary and secondary education in the \')Hi)s and U^9()s, teacher training was sys- 
tematized and regulated nu)re rigort>usly than had previously been the case. 
Altlu)ugh teacher training institutions still have control over the detailed con- 
tent of ct)urses. tiiey are subject to government regulation. In r>^>2, the Depart- 
ment for Hducation (Db'H). acting on ad\ice from C:A I H (the Council iov the 
Accreditation of reacher Hducation), gave guidance about the nature t)f initial 
teacher education. It was explicitly stated that 'the planning and management 
t>f training courses should be the shared resptMisibility of higher education 
institutiiMis and schools in partnership'. 

Many training institutions already had well-established links with local 
scliools. often maintained thn^ugh ex-students who had been apptMiited to 
}ohs in the area when they qualified. There were a vjriety of apprt)aches used 
to structure teacher training courses but they all relied on some element of 
teaching practice ('placement' ov ^practicunr). With the implementatit^n of the 
\^)^)} Hducation Act. the eomnuMiality between the courses tUTered has increased 
and the links between schools and training institutit^is have became ftM inali/ed 
a^ 'parinerships*. I \en the name by whuh teachers resjMuisible for students 
lias changed fu>m co-lulor. school tutor ov supervisor to 'mentor'. 

According io the Department for Hducation: 'Studenis slu^ild be given 
opportunities to observe good teachers at work in . , . classrooms, to particip- 
ate with experieiKcti j^ractitiiMiers in teaching their specialist subjects and. as 



1 J 



Lea mi nil to 'icach Science 



confidence dc\ elt)ps, to undertake periods of continuous wliolc class teach- 
ing.' The mentor's role predominantly in\x)lves making sure that student 
teachers oherve, participate and teach and, at the same time, dct-clop their con- 
fidence. All this is in the ct)ntext of both the \vlu>le-scno(.)l approach to the 
student teachers' prt)gress (which may ncu be the responsibility of the science 
department) and the college-based aspects of the course which you should be 
aware of through links with the ct)llege. 

Section 1 Teacher Development 

How do teachers develop, not just during their training, but throughout their 
careers? Is it a process t)f copying the style and skills of other teachers? Do 
teachers change to tu the demands of teaching and does teaching itself change 
as society e\ol\es? Student teachers begin their teaching practice with many 
years of experience of being taught both at school and at university or college. 
Ihey will ha\e seen teachers represented on television and read about them 
in newsp.ipers. I hey will generally be able to identify what they think a good 
teacher does, at least from their point of \iew usually as a successful student. 
These images and ideas are well-established and resistant to change. This is 
not necessarily a bad thing and at least offers models that the student teachers 
can use to compare with their own experience. On the other hand, the picture 
may well be nai\c and one-dimensional. Hew students, even those with teacher 
parents, understand the stress and strain or the joys of teaching in today's 
schools. Part of learning to teach involves the student teacher exaniining his 
or her own \iews of teachers and of teaching. 

Humans are good at copying: it often feels more cohitortable to copy 
than it does to think things through for yourself especially if you are a begin- 
ner. Ciood student teachers are able to go beyond copying and to disco\er 
their own potentials and to put into practice their own philosophies. This 
requires not only ability and motixation but also freedom and support. What 
is critical for student teachers (and tor practising teachers) is the skill of rcHecting 
on what they sec and do. 

( hi Rrfieition 

A theme that runs both implicitly and explicitly throughout this book is that 
of teachers as reflective practitioners. 'Vlul is to say, the model of teicher 
dexelopment that we espouse stands or falls on the ability of student teachers 
to evolve as teachers in the light of their understanding of what they ha\e 
experienced. l-igure 1.1 below shows a simplified learning cycle for the train- 
ing process. The process is represented as being sequential and without end. 
I-xperience is f()llowed bv reHecti(»n which is focused, through discussion, 
onto future plans. 
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Plan Reflect 




Figure / .' A s mpiJied ieaniing cycle 

The assuiiiprion that wv make is that people are able hangc what they do 
as practitiDiicTs and that they are able to dcveU)p the skill to evaluate their own 
pcrtornianeL\ with the help of other information and other pet)plc. Another 
assumption that we make is that people are w illing to ehange what they do 
in the light of evidenee that suggests that change may be desirable. This is 
more problematic and is one of the stumbling blocks on the rt)ad tt) maxi- 
mum development of potential. It is in this area that the job t)f the mentor 
fmds its biggest challenges. 

(A'>tnpe(eth'e'biised J 'raitiifi[i 

One approach to teacher dcveh>pment emphasises the idea of professional 
competence. In defniing what should ct>nstitute the curriculum of a teacher 
training course, the Department for Fducatit>n states thai: 

Higher etlucatu>n institutions. schtH>ls and students should focus on 
the competences of teaching througlu>ut the whole period of initial 
training. The progressive development of these ct)mpetences should 
be monitored regularly during initial training. Their attainmetit at a 
level appropriate to newly qualified teachers should be the objective 
of every student taking a course c^f initial training. 

I he competences (issued as an Appendix to Dl"]-. Ciircular ^)/^)2) which slu)uld 
be progressively developed and which are expected of newly qualified teachers 
.ire grouped under the following headings: 

• Subject Knowledge 

• Subject Application 

• C^lass Management 

• Assessment .md Rec(Mding of" Puj^ils* Progress 

• l urther Professional I )e\ ehipment 

1 he C(Miipetences themselves are given in Appendix I (pp 2i)H 211) ami are 
referred to later in this chapter. 

t 
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Teachers experienced with conipctciicc-based training will be aware that 
there are problems with the implied model of assessment*. How, for example, 
is the ability to Mnaintain pupils' interest and motivation' assessed adequately, 
accurately and fairly. Can any teacher say confidently that they have this com- 
petence, whatever the school, whatever the class, whatever the topic, whatever 
the time of year or even the weather? 

The competences should be regarded as targets for the deveUipment of 
teaching skills within a broader and richer picture of becoming a professional 
teacher. As teachers, pupils and parents know, a teacher's attitudes may well 
be at least as important as a teacher's level of skill. At a simplistic level, the 
mentor can use competences as a guide for helping student teachers to develop 
their knowledge, skills and attitudes for the benefit of the pupils they teach. 

I'eacher Kftowledsie lUid Shilh 

ne^eU^ping as a science teacher in variably involves making many changes in 
terms of personal knowledge. I.ee Shulman (1 W) attempted lo classify teacher 
kiu>wledge intt> se\en are;is: 

• Specialist subject teaching knowledge (lu)W to teach the subject) 

• Kno»wledge of classroom management and t^rganizatitMi 

• Kiu>wlcdge of the curriculum (including the national curriculum, 
examination sylkibuses dnd departmental schemes of wtirk) 

• Content kiunvledge (i.e. knowledge about their subject) 

• Knowledge t>f pupils and of how they may learn 

• Knowledge of the context of education (including cultural and societal 
issues, gender issues, school management, etc.) 

• Knowledge of education's ends, purposes and values, and of its phik>-* 
^ophical and historical grounds. 

In general. yi>u should expect to focus on the first three areas throughout 
most of the student teachers' teaching practice and underpin their progress 
through developing their knowledge of the last three. I hat leaves 'C:ontent 
knowledge': generally one hopes that studciit teachers' kntnvledge of science, 
in particular, of their own specialist subject would be adequate for the pur- 
pt)ses of teaching up to and including A-level. In the real world things are 
different. Many teachers reali?:e that only through teaching do you develop a 
clear understanding i>f a subject (as t^pposed tt> a knowledge of *the facts'). 
Under pressure in the classroom, student teachers may be driven to invent a 
sufucc. that is unknown mitside of the walls of their laboratory, in order to 
maintam continuity and t1ow in classnuuii action. Unfortunately this wrong 
informatitMi will disappear into pupils' hooks to be recalled later. Clareful pre- 
paration by the student teacher can reduce this risk. Regular checking of the 
student teacher's plans is critically important for mentt>rs. 
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Christine Cunningham and Wilhani Carlson of C'orncll University have 
recently amended Shulman\ list to include 'Knowledge of the sociology of 
science', which reflects the moves during the 1980s and 199()s to include the 
nature of science in the curriculum. This is touched on later in this chapter and 
is the focus ol' Chapters 7 and H. 



Section 2 The Role of the Mentor 

hiiplicit in the use of the word 'mentor' is a view of the relationship between 
the teacher concerned and the student teacher. Do you see yourself as a trainer, 
a tutor or an educator? Whichever model you ha\e, it may not be the same 
as the model in the head of the student teacher who may see you either as 
the fount of knowledge to be drunk dry as soon as possible or a model of 
perfection to be copied in every detail, 

riie roles of a mentor are many and varied and at any one time yow may 
be any of the following: 

• Adviser (e.g. suggesting \\o\\ to iiandlc 'difficult' pupils) 

• Assessor (e.g. deciding whether the student teacher has passed ov failed) 

• Counsellor (e.g. helping to alleviate the stress and strain) 

• CJuide (e.g. emphasizing the consequences of particular strategies) 

• Intermediary (e.g. sorting owi mistakes that have been made) 

• Observer (e.g. of lessons) 

• Motivator (e.g. when the student teacher is wondering whether to 
ct)iitiiuie) 

• Role nnxlel (e.g. as a teacher and as a 'professional'). 

Hven more importantly it is to be hoped that you become a trusted and 
respected friend. I*or many student teachers, teaching practice is one of the 
most challenging experiences that they will ever face. Standing in front of 
thirty or more adolescents who you think may be bored, teaching something 
that you don't know thoroughly, taxes even the most experienced teacher. 
Student teachers are more likely to listen to and act upon advice fium people 
they see as friends than those they feel are enemies. 



Mentoring itself is pr(»blcmatic, partly because it imoKes so many roles and 
responsibilities and partly because of the possible conlUcts t)f the needs of the 
scluu)l, the pupils and other staff. The training that mentors receive varices 
considerably sehot^l to scht)ob A survey by Anne Williair.s (19^)3) found 
that the majority of mentt)rs, in her sample, felt ct)mpetent \o do thc^se jt)bs: 
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• organizing; a student teacher's timetable; 

• helping a student teacher with resources: 

• helping student teachers to meet other staff: 

• discussing lesson preparation: 

• helping with teaching strategies: 

• helping with classr(H)m management: 

• discussing preparation before a lesson: 

• observ ing a lesson: 

• discussing a lesson after observing it. 

About half the mentors felt that they needed training in the ft)lh)wing actit)ns: 

• helping the student teacher to set t.u gcts: 

• counselling student teachers: 

• providing written feedback on an observed lesst)ii: 

• assessing student teaciiers' whole performance: 

• helping with university assignments. 

This may indicate that the teachers see the tutoring and ct)unselling role as 
being more problematic or it may be that they are simply reflecting that they 
have had less training and experience of tlu)se areas of being a mentor, The 
rest of this chapter focuses on the first four of the areas where teachers have 
expressed the desire for more training. 

One of the biggest dilemmas of being a mentor is working with a student 
teacher who is clearly having problems, l-ailing someone who you have been 
responsible for and have got to know and like is ditTicult. unsatisfactory and 
often stressful. It is less unsatisfictory if you have: 

• agreed clear and reasonable objectives: 

• monitored progress and given accurate feedback: 

• made the process of learning to teach stepwise, gradual and stimulating: 

• provided useful advice and adequate support. 

It is less stressful if the student teacher realizes that he or she has got problems 
and appreciates that you are doing all that you can to help. Somebody some- 
where was responsible for passing the small but sigtiificant m»mber of teachers 
who are unfair to pupils, who do not plan adequately, who do not know their 
subject and who do not care. 

Student teachers report that gotxl mentors (^ffer useful advice, provide 
consistent and useful written ami spoken ct^mments, devote adequate time, 
liaise effectively with college tutors, guide without prescriptioti atui alk)vv the 
opportunity to experiment within leason. 

Being a meiiti^r involves balancing the needs of the student, the sclu)t>l, 
the pupils and yourself^ Sometimes these needs pull you in different directions 
ami there is never enough time tt> do everything well. Your student teacher 
may nt)t. initially at least, he aware of, or be sensitive io the needs of the 

CO 
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school, the pupils t)r yt)u. Basically, a gDod mentor is someone who creates 
a situation in which a student teacher's potential is developed to the maximum 
and who is able to relate the end performance to the standards required of a 
newly-qualihcd teacher (NQT). 

Many experienced mentors will ha\e their own strategies and styles. 
However, the job of mentoring is changing aiid bec(.)ming more formalized 
and may c\en be contractually based. Teachers will need to look critically at 
their own practice if they are to ensure that they have adapted to the new 
challenges. The rest of this chapter focuses primarily on possible strategies 
that mentors can adopt. Teachers new to mentoring may need to consider the 
strategies more tluiroughly than more experienced teachers. 

Aaion 1 'rcam-tCiiLhiu^^ 

For many student teachers, the time when their confidence grows and when 
they feel 'proper' teachers is when they are alone in the room. However, it is 
better for tiiem to be itching to get started than to start them too soon — 
generally. Part of the prtiblem is that the transition from observing to teach- 
ing often occurs before the student teacher is really mentally prepared. Indeed 
the notion of going solo may lead to a false dichotomy in the student teacher's 
mind — doing it with help and doing it alone. It is better to think of a 
continual spectrum, with observing at one end and teaching complete lessons 
unaided at the other. 

Team teaching is not something that is part of a teacher's everyday ex- 
perience — there just aren't enough teachers to practice it. However, the advan- 
tages that it offers in terms (^f managing a class, being able to spread the load 
and keep up the pace of a lesson are tremendous. With practice and a good 
blend of personalities and styles it can be almost instinctive and seamless but it 
does require planning and patience. 

h is usually better to start the student teacher working with younger 
pupils in well-behaved classes and, if you have them, with post- 16 groups, 
huroduce the student teacher by name and explain that he or she is another 
teacher (introducing someone as *a student' may not be particularly helpful 
nor as accurate as \\ teacher'). It may be better if the student teacher is standing 
next to you when he or she is introduced and not sitting at the back. Pupils 
will pick up clues from the way that you interact with the student teacher: if 
\t)U treat the student teacher as your equal, you will be setting the example 
for the class. 

Allocate groups of pupils or specific tasks to the student teacher. Tasks 
include: going round during a lesson checking that people are working safely; 
checking to see if pupils ha\e done the homework set last lesson; asking each 
group if they can explain the aim of the experiment they are working on. The 
purpose of these activities Is to get the student teacher to practice talking with 
pupils. nu»ving around the class (while watching everybody else) and thinking 



Learnini^ to Teach Science 



on his or her feet. Pupils will benefit by having someone else to help them and 
you will also benefit by having another person to share the load. Engaging 
the student teacher in the management of groups is also to be encouraged: 
'Can you go round and check that all the class is wearing their safety glasses 
please Mr. Jones?', shares your authority and shows the class that the student 
teacher has authority too. At the end of the activity you should talk to each 
other and to the class: '1 thought Chris's results were particularly excellent, 
didn't you Ms. Brown?' By bringing the student teacher into immediate, 
non-threatening contact in a way that he or she can be positive about the class 
is a more natural process. 

As time goes by, the student teacher should begin to teach parts of 
lessons. Splitting the lesson into chunks allows you and the student teacher 
to take it in turns as well as serving to make the structure of the lesson more 
explicit. The student teacher can start lessons, do demonstrations, introduce 
a video or collect ideas from groups while you write them on the board. 

Action 2 Ob.^en'in{^ 

Having someone watching you can be stressful, it can affect the pupils and it 
can also be uncomfortable to the observer. So why do we do it? Judging from 
student teachers' comments, it is not something that many mentors do regularly 
nor do in a systematized way. Student teachers often report that the feedback 
that they receive is perfunctory, often spoken not written and sometimes in- 
consistent. This section looks at the process of observation and presents some 
suggestions to improve the quality and the effectiveness of observation. 

The word 'observation' itself indicates that the act of watching is, or 
has been, regarded as the critical process. Observation of a student teacher's 
lesson is not in itself formative. The formative nature of the process depends 
not only on the data collected but also on the accuracy of the interpretation 
and on the follow-up action taken. At a simple level there are three steps that 
need to be considered: 

• Step 1 Before a lesson — discussing plans 

• Step 2 During the lesson — observing and recording data 

• Step ."J After the lesson — discussing the data. 

Most of the comments below apply particularly to the fu st few occasions you 
are watching the student teacher taking his or her first C(»mplete lessons. They 
can, howe\er, be adapted to any lesson. Because the debriefing is so import- 
ant, it is treated separately. 

lU'fote the lesi^on 

There is a difference between discussing lesson planning and discussing what 
it is thai you are looking for prior to obser\ing teaching. In the former, you 
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arc helping by suggesting methods and resources: in the latter you arc fniding 
out what is going to happen and where it will take place. The student teacher 
should know what you are k)oking for and how you are going to record your 
data. He or she should be able to suggest aspects of the teaching that he or she 
wants you to focus on, 

Decide where you arc going to sit so that you can see without being too 
obtrusive, Tempting as it is to sit in an adjoining room you will not be able 
to see as much as if you arc in the classroom or laboratory. Decide which 
method of recording data you are going to use. You should ha\ c a copy of 
the lesson plan and either an observation schedule or a blank piece of paper 
(or both). 

Agree a system of communication between yourselves: suggest that 
the student teacher comes and sits next to you during the lesson or that you 
go and see them when you need to say something. Comments can be more 
influential when made during a lesson than after it. The skill is in making 
appropriate comments in a positive manner: 'Keep an eye on John, he's not 
written much'; *I liked the explanation of the experiment — d )n't forget to 
tell them wlien they've got fi\e minutes left'; or *Thcy seem to be getting on 
fnK\ though I think Sarah's group need some help with the graph'. 

[yurini^ the lesi^oh 

With practice, the student teacher will become used to your presence. How ever, 
at the beginning she may either avoid eye-contact with you (and probably 
ignore pupils in the jrca of the room where you arc sitting) or they will be 
watching you for clues and interpreting what you do. Try not to give signals 
that the student teacher could interpret as personal criticism unless you have 
to. It is better that you say and do nculiing when inistakcs are made or when 
opportunities are l(^st unless it affects the safety of the class or of the student 
teacher, I lowever, nodding with approval or smiling at jokes can be supportive 
and well-rLCei\ ed. 

Think what you're going to say to the student teacher during the lesson 
— can ycHi give them some positive ' edback together with a helpful sugges- 
tion or question. Make sure that when you talk to the student teacher that you 
can both see till the pupils, don't face each other as it limits your view. 

Tow ards the end of the lesson, think about w hat you are gc^ing to say. 
You should jot down a few key comments based on the points that you were 
l(>oking at and maybe one or two other points that ycni want tc* comment on. 
You need to be able to fmd evidence in ynur notes to support the points that 
you are going to make. 

.-\(/u>/j / h huetin^i 

Post-lesson debriefmg is the time when your skills as c(uinselli>r, guide, nuiti- 
vator and .ulviser will be most severely tested. Bringing an over-confident 
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btudent teacher back to earth needs as much tact as raisini; tlie spirits of a 
depressed o\er-critical student. 
Your priorities are: 

• to eHcit tlic student teacher's obserxations and feelings carefully; 

• to help the student teacher to analyse what happened and why it 
happened: 

• to gi\ e accurate and rele\ ant observations of what you obserx ed: 

• to iissist the. student teacher to think abcnit how he or she could im- 
prove on what has just been taught; 

• to guide the student teacher to suggest strategies for imprcning the 
performance next time he or she teaches: 

• tt^ set the student teacher's performance in context w ith his or her 
overall development, 

Debriefnig is best done in private in the same room as the lesscMi took place. 
If that is possible, sit somewhere that alkuvs the technicians to clear away 
without feeling that they are in the way. If it is not possible then you must 
agree a tinie and a place to meet, though yc^u should make some immediate 
ccMiiment so that the student teacher is not left wondering what you thought. 

In debriefmg it is important that you can maintain eye- contact with the 
student teacher without being facc-to-face. Sitting at ninety degrees to each 
other i-s a gocKi strategy. Ha\ ing a table to put yt^ur luncs on sc^ that you both 
can see them is impc^rtant too. 

Cienerally it is belter to ask questions with the aim of encouraging the 
student teacher to reflect on his or her performance than it is to start by tell- 
ing the student teacher what ycui observed. Questions to ask will include the 
following: 

• What did you think was good about that lesson? 

• How could you imprt)\e upon what you did? 

• What would ycui do differently? Why? 

• What wtHild you do the same? Why? 

• What were your main objecti\es? 



How successful were you in achieving tlu^se objectixes? How do you 



• What assumptions did you make? Were they Justified? 

• Why did you do X? Did it work? 

Hiiring this phase you are trying to find vuit how accurate the student teaelier 
is in gauging tlie effectiveness of his or her less( »is and alsi^ setting an agenda 
k^r self-e\ alualion, later. I hese are the cjuesttons that \ou want the student 
le.uher to he asking him or herself after each lesstm. 

Start ycHir feedback hy making pt^sitive remarks abt^ut his/her efftMts or 
attainment (or both if appropriate). Cio thrtnigh the three <M' k)ur main pt^inls 



know? 



ID 




that you want to make and give your opinion and your evidence. Docs the 
student teacher agree with your comments? For each point, you must make 
a positive suggestion for improvement. OtTer whatever help is necessary in 
terms of time or resources. 

Debriefing is successful when the student teacher receives an accurate 
evaluation in such a way that she is motivated to keep on doing what she does 
well and change where necessary. She must see what should be changed, how 
she could go about implementing the change and what to expect when she is 
successful. For example, she may realize that she did not communicate the 
method for an experiment successfully. You may suggest (or better still, she 
may suggest) asking pupils to explain what they have to do before starting the 
experiment. She would expect that the pupils would give an accurate descrip- 
tion of what to do, where to get the apparatus and of what the aim of the 
experiment was. 

This is a critical time to focus on changing the student teacher's perform- 
ance. You may wish to write down what the student teacher agrees to do 
differently next time and to remind them of this before the next lesson. The 
other teachers in the department need to know this information too. You may 
need to photocopy your notes for those of your colleagues whose lesson the 
student teacher is teaching so as to minimize the chance that the student 
teacher is given conflicting advice. 



Section 3 Specific Issues Related to Science Teaching 

Science teachers have a broad range of responsibilities in any school. They use 
potentially dangerous chemicals and apparatus, work with pupils in rivers and 
ponds, and serve as a source of information on topics ranging from AIDS to 
acid rain. This section focuses on some of these facets of science teaching and 
suggests ways in which student teachers can learn about them. 



Safety 

One ot the major areas of concern to science teachers is safety. School labora- 
tories are safer than school lavatories because science teachers aiui technicians 
have adopted a culture of safe working that sometimes goes to extremes. 
However, safety is the one aspect of science teaching that a student teacher 
cannot afford to get wroi'.g at the beginning. One of the major responsibilities 
of the meiuor is to check that the student: 

• knows the risks of what they are planning do; 

• kn()Ws how to deal with spills, burns and cuts; 

• knows where to turn off the gas and electricity; 

// 
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• knows where the nre extinguishers, tue blankets and tirsi-aid kits 
are located; 

• knows what to say to make sure that pupils are aware ot satety 
pr<.)cedures. 

Safety glasses are a niaior concern of student teachers. During observation 
they may see that pupils do not wear safety glasses and that teachers are not 
rigorous in enforcing the departmental safety policy. Hiis is someilnng that 
should be discussed with the student teacher. The safety practices that are 
adopted at the start of a career may be the ones that are continued, it is your 
responsibility to make sure that the student teacher acts safely and to make 
sure that the pupils work safely too. 
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Possibly because teaching practice often coincides with frogs spawning and 
bulbs bursting into bloom, student teachers oWcn find tlieniseUes teaching 
Reproduction'- Some schools adopt a policy of not giving students any classes 
sex education involving. If you decide that the student teacher shcuild teach 
elements of sex education they must be briefed on the legal implications and 
school policy. This is essential. As well as accurate information, student teachers 
need to have strategies to deal with \iwkward questions* in advance of lessons. 
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Science contributes significantly to environmental educition in different wa\s. 
As well as teaching about the envirt>niiieiu and environmental issues, scieiue 
teachers often use the environment ;is a stimulus for teaching and as a resource 
through fieldwork in and out of school. Although leaching practice placements 
may not coincide with any fieldwork students should be made aware ot the 
opportunities and the responsibilities that are involved. 



llciilth lidm-iiiion 

Another respcmsibility of science teachers that is not necessarily shared wuh 
other subject teachers is th:U of health education. Science teachers may well 
have a more thorcuigh knowledge of health-related issues than other staff and 
the science department may take a majoi rc^le in the school's i>\erall health 
education policy and practice. Student teachers need to be made awaie the 
school policy (if an\ exists). 1 hey should spend some time during their school 
experience studying the role that science teachers plav in the oserall deli\er\ 
of health education thrcuighout the sclu 



lool 



2i 



) 



Scictu'c 7 ea ch cr M cn to n'n\f 



Section 4 Mature Students 

Although all students are mature, some are more mature than others. The 
variation ean^be extraordinary. Some students, particularly on p^art-time 
cDurscs, may have combinations of families, mortgages, part-time jobs, child- 
care needs, and so on, They may have very high qualifications, experience in 
industry (possibly at a senior level), experience as a school governor or be 
working as an instructor in another school (Circular 9/^)2 requires student 
teachers to train in two schools). Many of these attributes enable them to 
make positive contributions during their training. Often, they look more like 
proper teachers' in pupils' eyes than the average student teacher or, even, the 
average newly-qualified teacher. They may have well-established views about 
schools and teaching, gained through being parents. They may have had years 
of experience t)f dealing with obstinate and rude children — their own! Some 
of these views may be difficult to change and may make your job more 
difficult. 1 hey may be undertaking a majc^ change in their lives, sometimes 
not entirely of their own choosing. Working with such experienced student 
teachers (»ffcrs it.s own challenges but it can also offer remarkable rewards. 
Ihe important thing is to draw a sharp distinction between their experiences 
a^ parents, scientists, or whatever, and their experience in teaching. 
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Chapter 2 

Observing Science Teachers at Work 



Aim 

C^bscrving teachers in action is important not only at tlic start t)f training but 
also as the student teacher progresses and dexelops skills. It is essential that 
observation sessions are stiuctured. focusing on a specific aspect, st) that the 
student teacher can tease out the elements that make up a lesscui and modify 
and adapt what has been witnessed to suit a personal teaching style. Fven 
when the student teacher has advanced to teaching winkle lessons, it is still 
important to cont.nue observing lessons. Harly observations will prtuide 
student teachers with repertoires from which they can cht)t)se when linking 
activities together in their c^vn lesson plans, later observatitMis will alUnv 
student teachers to refme their deveU^ping skills by ftKUsing imi details that 
were previously unnoticed, l lie aims of this chapter are therefore to help 
student teachers to: 

• structure their obser\ atitMis in a systematic manner: 

• focus their attentitMi on specific aspects of classnuMU action; 

• reriect on how their i)wn teaching may be changed; 

• observe how the cluuce of acli\ ities for pupils realizes curricular aims. 



Introduction 

CH-Jservation is an important process in science. Philosophers ot science will 
quickly piMiit oui that iu> obser\atit>n is thet^ry free. Science teachers kiu>w 
this from their work with pupils. What is true oi' pupils looking down a 
microsct^pe, at a test-tube or at an electric circuit is equally true for student 
teachers watching science classes. What you peicei\e depends upon ytnir con- 
cepts. Young children, given the rt>le t>f parent or teacher in a play, act as a 
rather bossy perscMi: their experience is of people telling them what to do. 
I his alst> tends lt> be their perception t»f a teadier's job. lU'ceiU university 
graduates, on the (Uher hand, tend tc^ see teaching as transmitting informa- 
iii^n. This reflects their recent experieiues t^f learning. Neither young children 
iu»r graduates conceive of teaching as the management of learning experi- 
ences, l o see teaching as management you need help in focusing in on the 
way teachers act as managers. 

14 
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Activity 2.1a focuses the student teacher's attention on systematic obser- 
vation, a key feature of science itself Observations of teachers can be repeated 
with different teachers in different subject areas and comparisons made of 
different teaching styles. A straightforward observ ation schedule is used with 
recordings made every three minutes. Profiles of teachers can be buih up in 
terms of their own personal styles. Profiles across subjects might also be 
compared if time allows. Activity 2.1b then considers triads of teachers who 
are compared so that similarities and differences can be used to highlight the 
actions teachers take in managing their classes. 

Activ ity 2.2 is intended for use when student teachers have started on 
team-teaching parts of lessons under the supervision of yourself, as mentor, 
and your colleagues. Student teachers will be managing small pieces of action, 
so they need to carefully observe how other teachers act. They need consci- 
ously to reflect upon how they themselves arc acting. This is a critical period 
for student teachers and you will find yourself spending a good deal of time 
discussing their preparation and their performance. Reference to Chapter 1 
on how to work with student teachers is vital to your success as a mentor. 
Your own skills can be improved if you reflexively consider how you arc 
lielping the student teacher: a learning period loi all concerned. 

A third form of observation is introduced in activity 2.3. This coincides 
with student teachers taking responsibility for complete lessons. Student 
teachers need to cope with lessons from start to finish and so a more open- 
ended approach \o recording their observations follows. The key element is 
on noting times for activities. It is intended that this should help focus student 
teachers' attention on the need to plan pupil activity and this should build on 
the work on writing objectives in section 3.2 and lesson planning in section 
4.1a. You may need to make these links for the student teacher and refer to 
this previous work. 

Teachers interact with individual pupils across the room when they elicit 
pupils* ideas, give instructions and generally manage the activities of the pupils. 
In activity 2.3h attention is turned to which individuals the teacher interacts 
with, 'I he intention is to log, and then analyse those interactions for patterns. 
This is relevant to activity 6.2b on 'sharing ideas* and could be used as follow- 
up observation. 

In activity 2.4b attention is turned to the pupils. It is well worth spending 
time t)bserviiig how pupils who have achieved ditTTerent classroom reputations 
spend their time, I-xperienced teachers think they know tacitly how different 
pupils behave. Hut rarely do they have the luxury of engaging in systematic 
observation. Student teachers have an opportunity here that will be denied 
thcMi) in the future when under the pressure of a full workload. What are the 
differences between the classroom lives of higher and lower achievers? As 
professionals, teachers have a responsibility for adjusting the tasks and demands 
they make (»n pupils so that the pupils' learning is maximi/ed. I*rom their 
observations student teachers are inv ited to consider how this might be done. 

When student teachers are preparing to review and re\ ise scluMues of 
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work tlicy need to return to the classroom to observe with a new perspective, 
hi activity 2.5 the observations take on a more holistic viewpoint. The focus 
is upon how aims are realized in lessons. Student teachers arc invited to take 
a critical stance as they themselves are in\ ited to prepare alternative activities 
for their schemes of work, hi keeping with the more holistic viewpoint the 
rect^rding is in terms of the prose of a written report. 

2.1a Observation Schedule 

Metitor'< Brief 

(.)hjei{ii'e< • Student teachers should be able to make systematic obser\a- 
tions c^f teachers at work. 

• Student teachers should be able to conduct a conversation about 
lessons focusing on the nature and variatitMi in teachers' actions. 

I nrtitis^ • () or 7 lessons for the student teacher 

• 20 minutes twice a week for discussion with the mentt^r 

liach\^routu{ 

There are many different obser\ ation schedules available of varying levels of 
sophistication. One of the easie>t to use is that which requires the observer 
to note dtn\ n, for pre-determined intervals, what is happening at that exact 
moment. (See Figure 2.1.) Such schedules are essentially sampling instru- 
ments, the time interval between sample observations corresponding to the 
si/e of mesh in a net. All schedules compromise between detail and workability. 
A three minute time interval captures detail at abtnit the right le\cl for a 
student teacher and is within the skills of a lunice i>bser\er. 

Instruction^ 

• Consuh the departmental timetable to select a range i)f different classes 
with different colleagues for the student teacher to i)bser\e. 

• Provide your student teacher with a timetable for observations. 

• Provide your student teacher with multiple copies of the observati<in 
schedule t^erleaf. 

• Talk thnuigh the observ ati(Mi scheilule. and its use, with the student 
teacher. 1 he ci^lumns t>f boxes are for what is happening at the stroke 
t^f a three minute interval. One only ticks for actions taking place at 
that very nu^ment. The tU)scrver makes a mark in the appropriate 
box. (lenerally there will be both pupil .md teacher actitMi marks. 
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Coming in and going out will involve the 'other' category for pupils, 
as may other pupil actions. ^ 

• A tally is made at the extreme right-hand box to give a lesson/teacher 
profile, 

• Discuss the student teacher's observations. 
Discussion points 

The tally in the right-hand column will provide a profile that is appropriate 
to that size of time interval. Classrooms can be busy places and student teachers 
need to judge the overall pupil activity. The combination of observation of 
both teacher and pupil actions allows for the recording of the actions of skilled 
teachers who have good classroom control and who discuss or organize only 
when the pupils are listening. Similarly, teachers who trouble-shoot by cir- 
culating amongst pupil groups when they are experimenting can be picked 
out from the recorded observations. Student teachers should be encouraged to 
discuss any other patterns they notice in what they judge to be successful and 
less successful lessons. It is instructive to compare lesson profiles for the same 
teacher as well as profiles between teachers. 

2.1b Comparing Actions using Triads 

Mentor's Brief 

Ohjectire • Student teachers should be able to state a set of behaviours for 
effective classroom action which they can use to guide their 
own actions. 

Tiwe • I hour for the student teacher working alone 
• V^ hour for discussion with the mentor 

Backi^rounJ 

This technioue, of presenting three examples and asking for the respondent 
to explain how two are similar and yet different to the third, is derived from 
a standard social psychology procedure. Cieorge Kelly (IM5.')) is credited with 
being its originatt^r. 

InsOtu (iou^ 

• Pirect the student teacher to the activity. 

• Discuss the list of actions with the student teacher. 
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2.1b Comparing Actions using Triads 

Student Teacher's Brief 
Ohjective 

You should be able to articulate a set of teachers* behaviour which you 
can use to guide your o\sn classroom actions. 

Instructions 

You should attempt this only after a week or two of observation. Vhc 
activity is best carried out in a room in which you are will be undisturbed. 

I 

i 

I • Write out on separate cards the names of each of the teachers that 

you have observed. 

• Order the cards across the table. 

• Select the first three in tiie line. Move them to a position in front 
you. 

I • Decide on a pair that share a common behaviour in the class- 

I room that is not shared by the third teacher. 

I • Write down the action and its opposite. 

I • Systematically work through all the cards presenting triads to 

I yourself 

j • Record the nominated action and its opposite in each case, 

j C^)nstructs like, 'Keeps control' versus 'Doesn't keep control' are far too 1 

I global to be useful in helping you change your repertoire of managerial 

\ actions, However constructs like 'Has everything to hand' versus 'Doesn't j 

i know where things are' are more useful. If you are aware of these dif- I 

; terences you are on the way to acting appropriately yourself. The more | 

j concrete the constructs and their opposites the more achievable they are | 

i in terms of your actions. 

L_. ^.j 

2.2 Observation with Higher Resohition 

Mentor's Hriej 

Ohjcitire • Student teachers should be able to use their observations of 
other teachers at work to improve their own contributions t(^ 
team teaching parts of lessons. 

iune • () or 7 lessons for the student teacher 

• 7. hour at the end of school, twice a week, for the mentor 

33 
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Background 

This activity should be carried out in conjunction with activity 4.2. It is 
important that student teachers continue with their observations when they 
start to team-teach alongside yourself and your colleagues. Some of this 
observation can be within the same lesson they are team-teaching. If this is 
the case, the student teachers need time to' write up their notes after their 
obser\ation. 

Instrncuons 

• niscuss a schedule of continuing observation with the student teaclicr. 

• When the student teacher is running their part of the lesson, either you 
or your colleagues should keep notes on the student teacher's actions. 
This should be done as part of activity 4.2. 

"I'hese notes will be useful for providing the student teacher with feed- 
back. As with the student teacher, the focus of your attention should 
be on his or her observable behaviour. They can change their actions 
if their behaviour is brought to their attention. Student teachers often 
prefer written feedback as they can consider the comments at their 
leisure. 

• Meet with the student teacher tu discuss the written reports on each 
of the specific activities that have been fticused on. 

D{sai.<<iou points 

Adopting the right level t)f detail in observing extended action requires care- 
ful consideration. Student teachers may focus in on very small details that, by 
and large, miss the structure and pnttern of the whole action. You will need 
to guide theif observations where you feel they are missiiig the point or nit- 
picking at details. It might be useful to use \ C^hinese-box mctaplior within 
which the activity contains actions, which contain smaller acts. The student 
teacher's briefing directs them to write out a chront>logical sequence ot teacher- 
acts from the obser\ ations. You will need to inspect this record to check the 
ie\ci of detail they are focusing on. 

' 2.2 Observation with Higher Resolution 

Stuilcnt 'l'eaLhcr\< liucj 

The intention here is that yt)u should increase the le\el t>f detail you 
focus on in ymir obscr\ .itii>ns. What are the specific teacher actions that 
produce successful demonstrations, explanations, eliciting of pupils' ideas, 
working from texts books, comprehensiiMi acti\ities. practical work, 
iiuestigations. and sc^ on? 
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This phase of observation should coincide with you starting to team- 
teach alongside your mentor and colleagues. It will therefore be ap- 
propriate to use your observations of others to help you to think more 
critically about your own actions. There is a learning cycle that you 
should be consciously aware of 




Figure 2 2- A ie^f-vng cycle 



(Jhjccdvc 

You should be able to use your observations of other teachers at work 
to improve your own contributions to team-teaching parts of lessons. 



• What will be the principal activity for the lesson you are to 
tibserve? 

Plan your observations in conjunction with activity 4.2. 

• Gi) into the lesson and take part, as a helper/auxiliary teacher 
until the teacher starts on the activity that is the focus of your 
attention. 

•■ Note down the actions the teacher takes as he or she goes through 
the activity in a chrcMiological sequence. 

• When the activity is finished, take a fresh sheet o{ paper and 
write out an orderly sequence for the teacher's actions. Add a 
commentary. 

Don't take any further part in the lesson until ycni have finished 
this work. 

• You may wish to share your observations with the teacher after 
the lesson, if there is time. Do remetnber that science teachers 
are very busy and need tc^ have all their wits about them as they 
go frc>m class to class. It may be better to defer C()n\crsatio!i 
until the end of the sctuuil day. Hven then, ask if tliis will he 
possible. 

• When you have built up a colleclitMi of observations (ui a similar 
activitv write a report fc»r discussion with your ment(n". 

^'ou may li.ive a number ot reports to write up. I'or iiist.uice on: 
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I pencil and paper tasks 

i demonstrations with question and answer routines 

I class practicals \ 

explanations at the board with question and answer rou- i 
tines. 

I • Discuss your report tor each pupil acti\ity with your mentor. : 



2.3a Complete Lessons 

MenlOY'< Brief 

Objectii'e • Student teachers should be able lo improve their lesson plan- 
ning as they take into account the constraints of time. 

Time • () or 7 lessons for the student teacher 

• 'A hour at the end of scliooK twice a week, for the nienti>r 

BiH'hotonud 

Observation should now focus on the wny in which ct>mplete lessons are 
structured, l ime is a very important constraint on lessons and needs careful 
attention in lesson planning. Student teachers should ha\e been introduced to 
lesson plans with activity 4.1. The observation technique to be used in this 
activity is one that parallels the lesson plan used ft^r illustration in activity 4.K 

ln<lniciion< 

• You sluHild arrange to formally meet with the student teacher at lca>t 
twice a week. 

• You may wish to KH)k at a student teacher's lessen plans at the same 
time that vi»u discuss his t>r her t^bserv.ition records. 



2.3a Complete Lessons 

Student I'ediher*^ Brief 

This third t4>st r\ atioii acti\it\ is to he UM*d in conjunction with your 
woik on lesson pl.mnmg .iiid teaching complete lcssc»ns m .ict!\itv 4,3. 
Once ag.nn ycui slumld keep in mind the cycle of observing, analysnig, 
planning, teachings thinking. 
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Objective 

You should be able to improve your planning as you take into account 
the constraints of time. 

hiistrmtions 

• Refer to the lesson plan in activity 4.1. 

You will be using a similar format for your observations. 

• You will need a watch or small clock to keep track of the time. 

• In recording your observations of lessons watch for changes of 
activity or action on the part of the teacher. 

• On the left-hand side of your record write down the time at 
which things happen. 

• Record the actions alongside the times. 

• CA)mparc your lesson plans with the observations you record. 

• Look for patterns in ytnir observations. 

• Discuss vour observations and lesson plans with your mentor. 



2.3b Interactions with Pupils 

Mentor's Brief 

Ohjative • Student teachers should imprt)ve the distribution t)f their inter- 
actions with pupils as they become more aware of the interac- 
tion p.itterns of themscK es and others. 

Tinie • 6 oy 7 lessons for the student teacher 

• V. hour at the end t)f school, twice a week, (ov the mentor 

In.^truitions 

This observation activity continues the work started in activity ().2b and 
can be used to sharpen up the points made there through the collection of 
observation dal.i. 

• HrieHy discuss the task with the student teaclicr. 

• Use some of your observation time ti» carry (uit a reciprocal exercise 
on the stutleiU teatheTs lessons. 

• Discuss the siudeiu teacher's observations of other teachers and your 
observations of the student teacher's current practice. 
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A variation on this actix iiy is to record the time lengths of different inter- 
actions rather than the interactions as just single units irrespective of time. 

Discussion points 

The standard differences that will have already occurred to you are of boys 
and girls, different ethnic groupings, children with learning difficulties and 
perceived differences in social class. Seating position in the room can be over- 
looked easily as it is so much part of the given of the room. Less overt 
differences are in terms of pupiKs needs for attention and their shyness. 

The need for teachers (and the department, corporately), to have well 
planned lessons and schemes of work can be emphasized here. When pupil 
activities are well defined, and within the skills of the pupils concerned, then 
teachers are freer to behave pro-actively. 



2«3b Interactions with Pupils 

i Smdcnt Teacher's Brief 

\ In this activity you are to observe how science teachers distribute their 
interactions across the cohort of pupils they are working with. I he 

j allocation of time to individual pupils can become pupil driven as you 

1 respond to pupil requests. As a professional you should try to have 

i more control over your actions. This means being more pro-acti\e 

I than re-active. In classroom terms, you have to consciously distribute 

I your time across all pupils as equitably as your professional competence 

I alkn\s. 

I Having collected data on other teachers you might usefully get 

I feedback on your behaviour from your mentor and colleagues. You 

j should use the information in the data to change your own pattern of 

j interactions. 

] Objeetii'e 

i Student teachers should improve the distribution of their interactions 
with pupils as they become more aware of the interaction patterns of 
j themsehes and others. 

Instrnitioiis 

• Sketch out a plan of the seating .irrangements in the science class 
or laborator\- in which you are i>bsei \ing. I (m- exdmple: 
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Figure 2 3 A sKetch map of pupils ' seating anangements 

• Mark on your plan identifications for pupils at different seating ^ 
locations. i, 

If you know their names you could use initials. Boy/girl 

identificatit>iis will prt)vidc interesting data if used without names, j 

You may use other forms of identification. j 

• Put a tally mark by the pupil the teacher interacts with each and j 
every time there is an interaction. 1 

• I.ot^k for paturns in the data you collect. j 

• Reflect on your own interactional patterns. j 

• Discuss this with vcuir mentor. I 

j 

2.4 Observing Pupils Learning 

Ohjcitii't' • Student teachers sho«ild be able to recc^gni/e pc^ssible ways in 
whith different pupi s ha\e different eilucational experiences 
whilst 111 the s.ime < lis^. 

Dun- • 2 or lessons f()r student teacher's (»bscr\ ations 
• 7. hour discussion with mentor 
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Background 

Student teachers, and experienced teachers too. have a Responsibility escape 
clause' of pointing to pupil differences for contributing to differences in pupil 
learning. Student teachers can find it difficult to recognize that what pupils 
do in classrooms is. in part, due to what teachers do in classrooms. That is", 
the pupils are not completely and solely to blame. It is a cause for concern if 
a student teacher, who is in difficulties, denies any responsibility at all. It is 
a cause for alarm if the student teacher does not even realize there is anything 
wrong. 

'The intention of this activity is to provide student teachers with a struc- 
tured opportunity to reflect on how their own practice ccaild be improxcd 
to help more pupils learn more effectively and more efficiently. It is a matter 
of ^improved* and i or 'made perfect*. For like the end of the rainbow, there 
is no such thing .is perfect classroom practice. So student teachers should 
be helped to improve. They should be made to feel guilty if they can't be 
bothered. 

ltL<tmtiiou< 

• .Merl your colleagues to the obserxatioii actixity. 

• Brief the student teacher. 

• Meet with the student teacher to discuss their findings ami ad\ ice. 
nisctis.ston points 

it is probably more effective if the student teacher can proxide concrete ex- 
amples of actions that are specific to the lessons obscrxed. Cieneral ad \ ice is 
likeU to be lesb useful than specific. If student teachers are to improve their 
own practice they must have clear ideas of which goals they are aiming to 
achiexe in terms of their own actions. In the short term, small bits of behavi- 
our are more achievable than long-term global t>nes. TIk' reward v>f success 
with a small change can promote further change. 

2.4 Observing Pupils Learning 

Stiuicnt Tcihlu t's liru'f 

Pupils may be in the same class but this dc^es not mean the\ ha\e the 
same educatii>nal experiences or opportunities. It is not possible to get 
inside pupils* heads t(^ tnul out what they are thinking. It i< possibk- to 
record the actions they are engaged in. This obserxation task is about 
watching two different pupils, at the same time. The purpose t>f this is 
t(» reconsider how the planning, (^rganizatioii and management ot' 
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IcMiniiig activities is crucial to providing better learning opportunities, 
riiis work can be used as a prelude to activity ^).5 on progression, 
differentiation, cognitive acceleration and pupil-differences. 

You should be able to rec(»gnize possible ways in \\ liicli different pupils 
ha\e different educational experiences whilst in the same class. 

hi<truaion.^ 

• Discuss suitable classes for observation with your nientor and 
colleagues. j 

• When you have selected classes, identify two pupils whose class- ! 
room performance is quite different. 

• Sit in the class where you can see both pupils easily. 

• You will need two separate recording sheets aiid a watch or 
small clock. 

• Use the time-activity recording method from activity 4.1. 

• At the end of the lesson, compare the time spent by the two | 
pupils at dilTerent activities. I 

• Repeat with c>ther pairs in other classes. j 

( 

Consider the following questions. j 

• What differences were there in the activities of the two pupils? \ 

• How did those differences arise? I 

• What responsibility lies with the. teacher for those differences? j 
Ik' as concrete as you can in terms of the teacher's actions, or i 
lack of them. j 

• How could the teacher have organi7ed activities differently to ; 
meet the different pupils' needs? ; 

• Write out a set of points giving advice to yourself on the con- ! 
sequences of your findings. ] 

• Discuss your findings and advice with your mentt>r. 



2.5 Realising Aims 

( )h}titii'r • Student teachers sluuikl be able to comment on how the wider 
amis t»f programmes of study might be realized. 



♦ 
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Time • 3 hours for student teacher's review of lessons and report writing. 
• Vj hour discussion with mentor. 



hisfmctions 



This activity should be tied in with tlic work in activity 4.5 and needs to 
precede it. 



I 



2.5 Realising Aims 

Stmietit leather's Brief 

Grand aims are placed at the start of curriculum documents that set out 
programmes of study. These are very general and could often apply to 
any subject in the curriculum. 'I'he same aims have to be realized in 
classroom activities. The path from aim to activity can be obscure. You 
are asked to look at science lessons to see exactly which activities might 
add to the realization of which grand aims. 

Objectives 

You should be able to comment on how the wider aims of programmes 
of study might be realized in classroom activities. 

histructions 

This set of grand aims is taken from the W\ National C!urriculum 
C'ounciPs non-statutory guidance. 

' The following attitudes and personal qualities are important at all 
stages of science education; 



j curiosity 
I respect for evidence 

; willingness to tolerate uncertainty 

I critical reflection 

perseverance 

creativity and in\ entiveness 
open-mindedness 

sensitivity to the living and iKui-living enviroiunent 
! co-operation w ith (Others. 

1 

j • Review a scheme of work i\)V a particular topic. 

i 



Add to this your reflections on your own teaching aiul observatitMis. 
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For each of the attitudes and qualities listed in the quotation, 
write down at least one activity in the scheme of work that 
promoted that attitude or quahty. 
Write a brief repen t on your findings. 

Use this information in your review of a scheme of work in 
activity 4.5. 
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Activities for Pupils 



Aims 

If student teachers are to be able to choose activities for pupils, an essential 
part of their training must involve an introduction to a wide range of re- 
sources and strategics for the teaching of science. Clhoosing an activity also 
means being clear about the aims an:l objectives of lessons. Thus the aims of 
this chapter are: 

• to provide an opportunity for student te.ichcrs to familiarizx them- 
selves with the equipment and rest)urces a\ailable in the school for 
the teaching of science; 

• to make student teachers aware t)f the importance of defining object- 
ives for pupils; 

• to introduce a range of different activities for the teaching t^f science; 

• to consider criteria by which the select it )n of activities might be guided. 



Introduction 

Teaching is a complex dctivity, and as such, requires a di\crse and compre- 
hensive knowledge of resources and strategies, most t^f which arc acquired 
incrementally over a lifetime's experience. These resources and strategies form 
the tools the teacher uses to help pupils to learn. It is important that student 
teachers become familiar with a basic repertt>ire t)f approaches. The time in a 
student teacher's training when they are likely tt^ be most vt^raeious in seeking 
and using different activities is when they take resptMisibility for planning, 
organizing and managing complete lessons for themselves, in activity 3.3, 
which should be planned for about such a time, alternatives are considered. 

In preparation for that time, activity 3.1 requires the student teacher to 
become I'amiliar with the resources in the science department. C^onsideratitui 
she HI Id be given lo ihcir effective use ami the types of activities for pupils that 
might be developed. 

Aims provide guiding constraints on the selectit>n c^f activities \or pupils. 
Student teachers i)ften fail to see the importance writing aims and objectives. 
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particularly when many experienced teachers do not seem tu phui lessons 
in this form. Hour points need to be made here, firstly, only the process 
of thoughtfully writing down objectives, for scrutiny and discussion, enables 
the student teacher to develop their knowledge of the form and variety of 
objectives. Secondly, this process generates the experienced teacher's skill of 
knowing the obJecti\es without necessarily articulating them on paper. Thirdly, 
perhaps most importantly, is that the process of writing down objectives 
forces the student teacher to reflect on the purpose of the lesson in terms of 
learning. Failure to enter into diis process often results in a lack of clarity 
in explaining to pupils what they have to do and why they are being asked 
to do it. Lacking an adequate explanation for both of these aspects, lessons 
can drift aimlessly with no apparent purpose or rationale. Fourthly, without 
objectives the student teacher will not have adequate criteria to judge the 
success of the lesson. So they are an essential component of lesson planning 
and must be insisted upon. 

Activities 3.3 and 3.4 are an introductit)n to pupil activities that can 
facilitate learning. The emphasis is on activities for pupils other than the stan- 
dard practical experiments that arc a feature of most science courses. Aspects 
of investigations are discussed in C-hapter 5. When pupils are asked the day 
after a practical science lesson, 'What did you do in science yesterday?', 'Why 
did you do it?' and *What did you find t)ut?', only a minority can answer 
these questions in a manner consistent with the teacher's aims for the lessons. 
This calls into question the value .c)f relying st)lely on practical work for learn- 
ing the ideas and theories of science, rhe development of scientific concepts 
requires science teachers to provide activities for children to interact with 
them. For example, the pupils might be invo'ved in discussion, reading, ana- 
lysing data or hiaking models, 'I hese activities should be structured with clear 
objectives ft)r pupils. The most important feature is that they require the pupil 
to be mentally active, processing and reflecting on the inftirmation. The time 
spent on activities can then be time well used rather than just being busy. 
Further writing activities for pupils are discussed in activity 6.3. 

Finally, activity 3.5 is an oppt)rtunity tt) expk)re how learning activities 
should he matched to pupils' needs. In ct)mmt)n with all the activities at the 
end of each chapter this student teacher activity offers t>ppt)rtunities ft)r ctMi- 
solidation. reflection and wider professional development. 



3.1 What Resources arc Available for Pupils' Activities? 

Mcnfo'i Hurf 

Ohjativc • Student teachers should know the resources the department has 
a\ailable and should be able to consider how they might be 
Used. 
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lime • For the student teacher, about 4 to 6 hours spread over a week 
• 1 hour discussion with the mentor 

Instructions 

• Warn technicians and teaching staff that the student teacher will be 
asking questions about equipment and resources. 

• Introduce this activity to the student teacher by stating that, as a pro- 
fessional, a teacher needs to know what resources they have to hand 
for organizing teaching and learning. Therefore it is the duty of any 
teacher new to a department to spend time finding out what resources 
are available. 

• Direct the student teacher to the activity. 

• Discuss the student teacher's answers. 



I 3.1 What Resources are Available for Pupils' Activities? 

: Student Teacher'ii Brief 

Objeciii'e 

' You siiould know the resources the department has available for the 
teaching of science and be able to consider how they might be used. 

1 Instructions 

■ • Follow the procedure set out below so as to familiarize yourself 

; with the equipment and resources in the science department. 

I • Discuss your fmdings with \our mentor. 

I 77i/'m\'.s' to look foy 

1 lujuipmctu 

i 

( • Tour the main laboratories in which you will be teaching with 

: a technician. 

i Where are the following items stored? 

] Hunsens, tripods, heat-proof mars, thermometers, glassware, 

; Newt(mmeters, microscopes, matches, glue, scissors and Sello- 

tape, chemicals, power supplies, textbonks. subject specialist 

equipment. 

8 • Where are ihe circuit breakers for the mains electricity, the mas- 

ter gas tap. fne extinguishers, fire blankets, first-aid kits, safety 
gl.isscs, 1 la/cards? 
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• Is the equipment normally kept in locked cupboards? 

Can you have a key to get access to it if there is no technician 
available? 

• For your own specialist subject, look through the cupboards of 
specialist apparatus. 

Is it all familiar to you? 

If not. how would you fnid out what it does and how to use 
it? 

Are there any obvious omissions in the equipment the school 
has? 

How are biological supplies organized? 
How is waste disposed of and what separations (glass, bio- 
logical, other) are made? 

• Where is the stationary kept? 

If a pupil needs a new book, can you Just help yourself and 

hand it to him or her? 
What do you do if pupils say that they have lost a book? 
What is the procedure for obtaining chalk, white-board pens. 

OHP pens and acetates? 

7 cxthooh </ ii'O rksh t*t'f n 

• What textb(K)ks does the school use for Key Stage 3? 

• What textboc^ks does the school use for Key Stage 4? 

• Do the children have a textbtuik each and are they allowed to 
take it home? 

If nt>t, what rest>urces if any. are available ft>r setting h(^:iv'.N c^k? 

• What worksheet schemes dt>cs the science dcpartm* -m v^c- 

Where arc these stirred and what is the proced ire u>«: ig 
them? 

I low can additional copies be made? 

• Does the department ha\e additit>nal texts fur science-ba>ed 
activities e.g. SA TIS. science readers, a small book-trolley. 

• What range and quantity t>f science bnuks are available in the 
school lihrar\? 



I )()es the department ha\e a cullection t)f xideos? Where are they 
stored? 

What is the proretlure for borrowing and returning them? 

Which ones in your specialist subject area aie highly rect>ni- 
mended by the t)ther staff: 
If you wiHild like a video rectMded. what is the procedure? 
What is the systen) for ordering the \ ideo player for a lesson? 
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Info rma tion Tech nolo^y 

• I^oes the department have its own computers? 

What are they used for principally? | 

• Docs the department have any of the following: i 

Datalogging equipment? i 

Softw^are for Computer Assisted Learning (CAL)? ! 

CD-ROMs? I 

In each case, how are they used in the classroom? 

Do you know how to use each of these? If not, how would you 

find out? 

• What strategies arc used for overcoming the problem that there j 
may only be one computer in a class? | 

I 

Pos tcrs/ Cla ss roo m I )i5 pla ] 's | 

! 

• Does the department have a collection of posters for display? | 

• Who is responsible for changing/maintaining the display in each ; 
classroom? j 

• Is it acceptable for the display areas to be used for samples of ; 
j pupils' work? i 



3.2 Objectives for Pupils 

.\lvfUOr\< Brief 

Ohjcctii'C • Student teachers should be able to write behavioural objectives 
for pupils' activities. 

Time • I hour for the student teacher to review materials and write 
objectives 

• 7; hour for discussion with the mentor 



histmcdoih 

• Provide a range of material that fortns the basis of typical lessons 
in your science department. These should include the following types 
of activity: 

Scl iin estigatioiis 

Practical lessons introducing a new instrument, e.g. the ammeter 
or microscope 

Noii'practical lessons using a resource such as textbooks or videos 

i4 

EMC 
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Practical demonstrations 
Circuses of practical activities 

Class practical investigations on the relationship between two 
variables, e.g,, force on a spring and its extension 

Constructions of a simple model, e.g., a model of the heart or 
a planisphere 

Introductions of a new idea, e.g., the distinction between solvents, 
solutes and solutions or the measurement of acceleration. 

• Ask the student teacher to look at the lesson materials and then, for 
each lesson selected, to write possible learning objectives for pupils. 

• Discuss the objectives for the activities with the student teacher. 

Discussion points 

• Was the prc>cess of writing objcctix es easy or difficult? 

• Why might it be important that the pupils know what the purpose 
of the les.son is? 

• Docs writing objectives make it easier to explain what the purpose 
of the lesson is to the pupils? 

• Do experienced teachers write objectives? If not, why not? 

3.2 Objectives for Pupils 

Student Teacher's Brief 
Ohjectii'c 

You should be able to write objectives for pupils* acii\ities. 
Instructions 



• Read the notes below on objectives. 

• You have been provided with a number of standard science les- 
sons which are commonly taught in this school. 

• Read tlirough the lesson material. 

• Write out possible objectives for the pupils for the .»cti\'ities. 

• Discuss with your mentor the objectives you ha\e written. ] 

\ote^ on ohjei twe^ I 

Objectives are behavioural goals for pupils' activities and can be used as ! 
criteria by which learning can he measured. Thus an introductciry lesscMi ] 
on electricity which has the aim *to introduce the idea of simple circuits ! 
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and how they \vork\ may have a set of objectives which are that pupils 
should be able to: 

• construct a simple circuit with one battery and a bulb: 

• explain how series circuits containing additional bulbs and bat- 
teries might be constructed. 

These objectives focus attention on pupils' knowledge and their cogni- 
tive and manipulative skills. Typically, they include verbs such as *recog- 
nize\ 'state', ^explain', 'recall', *draw\ *make\ as these describe actions ! 
that are clearly achievable by pupils and defme the objectives in terms i 
of pupils' behaviour and actions. Descriptions o.f pupils' knowledge i 
and skills with such words as 'understand' are too vague for behavioural ! 
objectives, although they may be suitable for aims. 

There are big advantages in writing behavioural objectives as part I 
i of your lesson planning. Most importantly, it places the emphasis of | 
I lesson planning and delivery on the management of pupils' behaviour \ 
I for the purpose of learning. It moves the focus from the teacher to the j 
! pupils who have to do the learning. This means it is easier for you, as ! 
' a science teacher* to plan activities for pupils to give them the know- j 
I ledge and the cognitive and manipulative skills that are your pupils' 
1 learning objectives. Behavioural objectives provide a useful yardstick for 
j teachers to assess pupils and evaluate the lesson. i 
1 Aims can be confused with objectives. To avoid this confusion 

: think of them as being found in different documents. (Objectives belong 
j in lesson plans. It is perhaps best to keep to aims in schemes of work. ] 
! Aims are more general than objectives and are often written in looser, 
less beha\itHiral language. 

i 



3.3 Extending the Repertoire of Pupils' Activities 

MctUoi's Brief 

Objcctii-f • Student teachers shtuild be able to draw upt>n an extended range 
of acti\ itics for pupils in drawing up lesson plans. 

Time • Several hours of independent wt^rk ft^r the student teacher 
• Occasional discussions with tiie mentor 

Research shows that most student teachers start teaching by modelling 
or inntating activities suggested by their tutors, or those which they have 
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personally experienced on a training course (Bennett and Carre, 1993), If they 
are not provided with a range of alternative pupil activities at this stage they 
may resort to the models they experienced in their own education. Student 
teachers should be encouraged to trial and evaluate as many pupil activities as 
possible and discuss their weaknesses and strengths. All individuals have to 
evolve their own teaching styles and they should be encouraged to do so by 
making reasoned and independent choices from their own experiences guided, 
rather than determined by, your experience. 

This section considers how different pupil activities can be devised for 
use with the major resources used by science teachers: 

• text 

• video and 

• information technology. 

Pupils* work in creative writing and issues of language are dealt with in more 
detail in Chapter 6, I'his can be extended to art work, although this is not 
discussed in Chapter 6, Field-trips, museum visits and visiting speakers all 
provide alternative activities for pupils. These are touched on in Chapter 7. 
Role-playing and drama lune an immediate place in considering education 
about science, particularly in historical and ethical work and this is discussed 
in C^hapter 8. 

Instniitious 

• The student teacher should be directed to the activities 3.3a, b atid c. 

• H\ plain that the tasks to be carried out will need discussion after their 
completion. 

Discussion points 

• In yt>ur discussit>n with the student teacher on the pupils' acti\ ities, 
add as many new and different examples as you can, including activ- 
ities you may not personally use, so as to help build the student teacher's 
repertt)ire. 

3.3a Directed Activities Related to Texts j 

Stiulctit rciichi'r's lin'cf \ 

Ohjcifiir I 

l-rom different textual resources you should be able to construct DAR Ts 
(directed acti\ities related to texts) .ictivities foi pupils. 
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ItistrtutiotLs 

• Read the notes and examples of DARTs below. 

• Construct 3 DARTs of your own for specific lessons and topics. 

• L")iscuss tlicni with your mentor ak)ng with your lesson plans. 

• Trial the DARTs in lessons. 

• Discuss the outcomes with your mentor. 



Notes on DARTs 

Essentially there are two types of DAR Ts — those which require the 
I text to be reconstructed and those which require the text to be analysed. 
I Students need to be introduced to both types and shown samples of 

each. 

R ecor i s I n i cl io fi I X'\ R 7 's 

There are four principal types of reconstruction DAR Ts: 

• text completion; 

• diagram completion; 

• table completion; 

• reconstruction of a disordered text. 

! 

i 'Text completion DAR'Ts can involve pupils addini^ appropriate words 
in the blanks that have been left in a previt)usly complete text. This type 
\ of acti\'ity is often known as a CAXY/.V. procedure and is popular in 
I areas outside science. In both diat^ram completion and tabic comple- 
i tion DAR'Ts, pupils add labels to a diagram or ccMiiplete a table. I he 
j reconstructicMi of a disordered text is most useful where there is a logical 
I sequence or structure in the text. Descriptions of experimental prcK'c- 
I dures. descriptions of anatomical structures and procedures in time 
i generally are suitable for this trea'' Mit. 

I Athily^is HARl's 

i There are five different types of analysis DAR Ts: 

1 • underlining text; 

1 • labelling text; 

i • summarixing with a diagram; 

I • summarizing witli a table; 

; • writing ciuesti<His about a text. 

j Underlining iiuolvcs pupils scanning a text searching fur rele\ant key 

! words, concejUs or related ideas. 1 abelling text would require pupils 

' t(i add he.ulings or labels for paragraphs so as to produce a torin oi' 
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telegraphic summary. Both diagrammatic and tabular representations 
can be constructed for ideas, concepts or data. These involve pupils 
translating information from one form to another. A question-writing 
DART would require pupils to construct their own questions. See 
activity 10.4 for more details on pupils writing questions. 

Examples of /M/t?7V 

A text completion DAR T 

[Instructions to pupils) ! 

Do the following task as a pair. | 

Read the passage and fill in the missing words. I 

Carry out the activities at the end. I 

i 

The Distinction between Mass and Weight I 

In common speech wc often .say things like "I his bag of sugar weighs 

one *. As we shall sec, ' ' has a different meaning 

to a scientist. 

The quantity we are talking about when we measure out one kiK)grani | 
of sugar is the amount of sugar that we have. This is what scientists refer j 

to as the mass of sugar. Mass is measured in and is a ' 

measure of the reluctance of an object to change its motion, what is 
called its . 



The of an object is something quite different. H very thing is ! 

attracted to the Harth by . This is referred to as the 'force of ■ 

That is exactly what gravity is, a force. Forces are mcas- \ 

ured in . Cirav ity is supposed to have been discovered by Sir j 

Isaac Newlon when an apple fell on his head; a nice story. The weight 

of a body is a measure of the with which attracts it to ' 

the , and as a force it is measured in Newtons. 1 

I 
I 

The confusion between mass and weight arises because the force with ! 

which the 1-arth attracts a body is directly proportional to the . . 

That is to say the more the more weight. This provides us with j 

a coinenient way of measui ing mass. Two masses can be compared by i 

placing them on opposite arms of a balance. If t)ne has greater mass than \ 

the other then the force of gravity on it will be stronger and the beam I 

will lu' of . If the two masses are equal then the weight i 

Will be the same and llu* beam will bal.iiue. ' 

In effect, we compare masses by comparing . ... _ . This is the origin j 
t>f expressions like 'I have weighed these apples and they weigh three 

kilograms'. ' 
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Modern weighing machines no longer compare weights. They measure 
weights using spring devices which have been pre-calibraied. A device 
can be set up to gi\e a reading in kilograms. All equal masses have the 

same . This means that if you measure this weight you can 

work back to fuid out the mass. 

I 

j Think back to those films of men walking on the surface of ihc Moon. 
I It really was a strange new world wasn't it? It was almost as if things 
I were happening in slow motion. 

The reason for this is that thr force with which the Moon's gravity 

attracts objects is much than that of the Earth, That s wh\. 

j even without air resistance, things fall more slowly on the Mocmi, 

i Things weigh on the Moon than they do on Earth, It is a tcr- 

I rific, but very expensive way of losing weight. Unfortunately the ctTect 
j is not long lasting because altliough we weigh less on the Moon our 
remains unchanged so on return to Earth we weigh the same. 

' • Now re-read the text and write a heading above or beside each 

: paragraph, e.g. for the first paragraph, you may well put the 

\ heading 'Common use of the word weight/ 

• Now underline all those sentences which tell you something 
; about mass. 

• Now double underline, or use a ditTerent colour all those sen- 
lences which tell yt>u something about weight, 

; • When you have tniished write a few sentences, describing what 

you think is the difference between mass and weight. 

C'onsider which words are the words to remo\e: scientific word, \erbs. 
conjunctions? 

I Why is it essential that pupils should do these tasks in pairs? 
I niscuss this with your menttn'. 

A disordered text DART 
\ In constructing one t)f these, it is impt^ tant that lines of text are scram- 
I bled before it is printed so that pupils cannot use edge-joins as clues to 
! the correct (Hxier. 

Investigating the Relationship between Acceleration and Force 

I liisii lKli^Mls for pupils] 

Cut the instructions for steps in an experiment uito strips, 
Rearrange the strips t(^ i;ive the correct sequence of steps for the e\pc*n- 
inent. 

P.iste the correct sequence into your book. 
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Mirk out the strip inti) divisions of *tcii-ticks\ 
1 abd the first one A, tlic second one 13 ind so on, 

C'onneet the ticker-tinier to a 12V pmvcr supply. 

Draw up a grapli witli two axes, time and speed in cni/t,t. 

Now calculate the acceleration using the formula 
acc. = change is speed ~ time taken, 

i-nction compensates the slope so that the trolley maintains a steady 
speed as it rolls down the hill (the dots should keep the same separation 
all the time). 

I 

Mea\ure the difference in height between the strip A and strip \\ 6 'ten- 
ticks* later. I'his is the difference in speed between the two. 

Now accelerate the trolley with one elastic band. 
Remember to attach a i^ew tape and turn on the timer. 

Set up the ramp so that there is a slight incline. 

Paste the first 'ten-tick* in adjacent tt) the y axis. ! 

I'aste striji h next to^jt and so on till you have at least () strips on your : 

graph. i 

Repeat ilus procedure for twi> elastic bands and three elastic bands. 
Attach, a tape lo the trolley. 

UMt lurs commenting on this technique ha\e said that although it takes 
an exlra h\e minutes to do this prtK'cdure at :he start of an experiment, 
u results 111 a much more efficient use oi"tinie by the pupils, with the 
experiment bemg carried out much nuM-e effectively. Consider why yt)U 
think this might be so. 

.\m tituii tli}\i}\\^, athilysis DART 

1 lie third type of 1 )AR'l' li ere is .m analysis 1 )AR I . It requires pupils to 
read and te-reail the text using the techniques of underlining and table 
lonstniction to summarise the text. 

Solids, liquids and gases 

I Insir III lii»iis to jHipiIs] 

• I irs{ read the w lu>le passage with care, 

• With a ci>loured pencil, underline the parts of the passage which 
tell \ou about the movement of the particles. 
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• Now di)uble-uncicrlinc those parts of tlie passage wliicli tell you 
about compressing or squas hing a substance. 

• Using the headings, *Solid\ 'Liquid' and XJas\ make a tabic 
which summarizes how particles move 

• Use the same headings to make a table which summarizes how 
easy it is to compress a substance. 

The most obvious feature of the way that the particles are arranged in 
a substance depends on whether it is a solid, a liquid or a gas. 

The particles in a solid must be held in fixed pcxsitions, otherwise solids 
would not retain their shapes. Moreover, the particles in a solid must be 
packed very tightly together. This is evident from the fact that solids are 
very difficult to compress. Even at very high pressures, the change in 
volume is very small indeed. 

i In most liquids, the particles are less tightly packed than in a solid. This 

i is evident when i\ solid is melted as there is usually an increase in volume 
on the change from solid to liquid. However, since liquids are also 

I difTicult to compress, the particles must still be very close together. The 

1 main difference between solids and liquids is that liquids have no shape, 

j They take the shape of the container and are free to move about and can 

j bo poured. Obviously, the particles in a liquid are not fixed in any 

1 definite position. They are able to move about, rolling over each other 

I like grains of sand. 

! (uises not only take up the shape of the vessel which contains them but 

j also spread out to occupy the whole vessel. This is easily seen by using 

j a coloured gas like bromine. Our picture of a gas is one in which the 

j particles are free to move about and there are quite large spaces between 

} them. Increasing the pressure on a gas brings the particles closer to- 

j gether. If this increase in pressure is large enough then the particles 

j become as close together as ii. a liquid. The gas will then change intt> a 

j liquid. 
1 

j 

I 3.3b Using Videos 

I 

I Student 'rciuhcr^s Brief 

\ A typical educational video is in the order of twenty minutes duration, 

I I-ven an extract i»f five minutes is generally packed with a high density 

{ of information. However interesting, watching it is a passive experi- 

I ence. The design problem for lesson planning to incorporate the use of 

' video is to design activities that make pujuls active, not passive. 
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• Objective 

\ You should be able to select different ways of using videoed material 
I with classes and incorporate your selection into a lesson as a pupil activity. 

1 Instructions 

j • Read the notes on strategics for using videos below. 

• Produce your own list of a range of approaches. 

; Add notes on possible advantages and disadvantages for each 

j method. 

• Plan an activity for pupils using a video in a lesson you will teach. 
< • Discuss the plan with your mentor. 

• Teach the lesson and evaluate the activity. 

• Discuss the evaluation with your mentor. 

' \oics on strai et^ ies j\ ' r usiu^i i ' ideos 

' Some of the strategies that may emerge in the discussion are: 

• Providing a list of questions about the video which pupils must 
complete after watching it. 

• Breaking the video after several minutes to discuss the issue raised I 
before going onto the next section. | 

• Asking pupils to write a one paragraph summary of what the i 
video was about, in pairs. Follow thi> by getting one or two to ! 
read out their summaries to the rest of the class. 1 

• Breaking the pupils into four groups. A-D. CIroup A are told j 
that they will have to produce a one paragraph summary of the | 
first five minutes, group B the second five minutes and so on. ! 
At the end of the video, each group is given five-ten minutes to j 
produce the summary and then the groups are mixed so that i 
there is one person from each group in the new groups. The j 
groups now pool their summaries to produce a composite sum- j 
mary which is no longer than one page. This is then reproduced \ 
by the teacher for the whole group. Although lengthy, this is an ' 
effective means of getting children to summarise a video. | 

• Providing a diagram which can be annotated from the informa- \ 
tion in the video. This is particularly useful for anything that j 
involves descriptions of body parts or mechanisms. The parts ' 
have to be labelled and then notes added explaining the function, 

• Producing a poster summary, i'his method is useful for videos i 
dealing with topical issues, e.g. pollution and nuclear power, I 
i'uj)ils can be asked to produce posters which show the problems [ 
and possible solutions, advantages and disadvantages or different ■ 
methods of tackling the problem, ' 1 

i 
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3.3c Using Information Technology 

Stiidaif l'c\hher\< lUicf 
Objectives 

I You should become more familiar with tiie school's IT provision and be 
able to plan to include IT in your lessons. 

I 

i Back\iroiind 

Science education should be an opportunity to learn to use the tools and 
1 instruments of the scientist. I'his is the justification used for teaching 
I children how to use a Bunsen burner, a thermometer and an oscilloscope, 
i These days, instrumentation for many scientists is linked to informa- 
! tion technology — both for the collection of data and its analysis and 
; interpretation. A science education which does not provide children with 
i opportunities to experience such use is inevitably incomplete. Information 
! technology can enable science teaching to transcend the constraints im- 
i posed on experimental work by a sc1k)o1 lab(M atory and periods of study 
, of approximately an hour in length. I T instruments enable phenomena 

to be studied which happen very rapidly, e.g. record a microphone 
■ trace, or events which happen over niuch greater periods of time, e.g. 
: the growth of a plant. It has been shown clearly that the opportunity to 
[ see the graphical representation of an event ii is havpe}iin\: sigiiitic- 
; antly miprovcs pupils' cognitive skills with scientific representation. 

i Jtisfni(fion> 

• Cloiuiuct an audit of yt>ur skills by rating ytun" ability to use the 
following packages. 

Poor Ian- Cood 

Databases 

Wt^rd- processing 

Spreadslieets 

Other s(^ftware 

• Ask youi mentor who is responsible for I T across the curricu- 
' lum. 

Discuss with your mentor what I T pro\ision there is in the 
stK'uce dcpaiimenl and hov\- you can beconu' more skilled m 
Using it. 

• Practice with the I T st)ft\vaie and data loggna\ so that you are 
skilled ui usmg it. 

■N 
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• Consider opportunities for introdueing IT into your lessons, 

• Plan such lessons. 

• leach using the 

• Discuss the outcomes with your mentor. 

R>r further reading on this subject see, The II hi St'condary Science Booh: 
A compendium of ideas for usin(^ information technolo^^y in science by Roger 
Frost (1994). Londc»n: IT in Science. 



3.4 Pupils' Activities with Concepts 

Mentor's Brief 

Ohjeifire • Student teachers should be able to introduce into lessons activ- 
ities that require pupils to articulate their concepts and ideas in 
science topics. 

• hours for the student teacher to carry out the activities and 
reject on their use 

• '/> hour discussicin with mentors 

BiUh'^tound 

This student teacher activity e\pK>res the use of concept maps and allied 
techniques, Hiis is a generic activ ity which can be used in most areas of the 
curriculum as a means of articulating conceptual knowledge. There is evid- 
ence to show that their regular use prt)duees j significant improvement in 
pupils' understanding of science (Ht>rtt)n, 1W2), One cjf the important fea- 
tures of concept mapping, and other activities described here, is that they 
make pupils talk about and clarify their t)wn scientific knowledge through 
discussion with t)ther pupils, TradititMially. such opportunities are rarely pro- 
vided in many classes. The other pupil activities are variants on this strategy 
which encourage pupils to think abtuit the appropriate use of scientific lan- 
guage and the meaning of scientific terms. 

In>titii fh>M> 

• As with any activity, it is best if tried first, m> the siutleni teacher 
should b( asked (<> make a eoneepi map. She should also trv the other 
activities of word association and key sentences. 

• Discuss the student leather's expeiientes with the acliviiies j.id her 
reflections on how the activities might best be incorporated iiiit) 
schemes of work and h'sson plans. 
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Di>cu<>ion poitus 

Raise these questions in your discussion with the student teacher: 

• Which is niore important — the final product or the process of pro- 
ducing it? 

• What arc the features of this activity which make it a potentiaiiy valu- 
able learning experience? 

• When would it be most appropriate to use this activity? 

3.4 Pupils' Activities with Concepts 

Sindcnt 7 Vtif/it'j'.v Uriel 
(Jbjcctirc 

You should be able to introduce into lessi)ns activities that require pupils 
to articulate their concepts and ideas in science topics. 

I n<t rue ti i'f}> 

• Clarrv out the acti\ities that are described below. 

• Answer the questituis for retlection at the end of each activity. 

• c:onsider how these activities might be built into a scheme ot 
vvtirk. 

• Discuss vour reflections with \our mentor. 



.■\t nVi'fiV.v A>J iirtiLiiliiii}i\i concept:^ 
(Anurpt nuppifi}^ 

Cioncept mapping is a technique which sees words essentially as labels 
ti>r concepts or ideas and asks individuals to dehne the relationships 
between them. Tvpically, a list of words is provided, e.g. 

Nebula Cialaxv Star Meteor 

Comet Planet Ursa Majtu- Solar system 

Satellite Universe Red shift Red giant 

White dwarf IMack hole Meteosat Sho(.ting star 
Andiomeda Constellation 

I he folK^wmg instructions are then given to grmip i»f 4 pupils. 

• Write each of the above vvortls in large letters on a small piece 
of squared paper (A cm x 4 cm). 

• Son the squares into two piles ■- tlu>se you know the meaning 
(»f and those you do not understand. 

• Discard the pile of vvortU you do not understaiul. 
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• Now lay out the remaining words on a large picee ofpostcr paper. 
Place those words that arc related adjacent to each other. 

• When you are happy with the arrangement, stick the squares 
down. 

• Draw lines between the terms that are connected. 

• Now add a few words or a sentence to the lines to explain how 1 
they are eon nee ted. 

F(»r instance 

UNIVHRSH > STARS 

consists of 1 

• When you have finished pin your map up for others to look at. | 
Now, answei- these questions; • 

• What \alue would it have for learning? ; 

• [low could it be used in other areas of the curriculum? 

• How often anti where sluuild il be used in a topic? . 

W ord A>si.Hiatio}} 

Tor this technique, you are asked to think of all the words that you 
associate with a particular word in the order that they come into your ■ 
nnnd. It is j^ariieularly useful for words that represent key concepts in 
science. Try it yourself for the following words. Write the key word 
and then the /ij>f ten words that you assoeiate with it, e.g. IMiotosynthe- l 
sis, cyxid.ition or I-nergy. When you ha\e fmished, write a sentence ' 
which states the relatk>nship between the key word and each of the ten 
words that you associate with it. 

Now, answer these questions; 

• What might be the educatit»nal \ alue of this aetivitv? 

• Wiiat would be a gtuKl method of using it? 

• Should it be done on an individual basis or bv pairs of pupils? 
Why? 

Key Sciiti tho 

*l his technique is essentially another \ari.ition ou the theme of word 
assoeiaiitMi and typically the aeti\ity lakes M) 40 minutes. 

Pupils are pro\uied with a list of key words which ha\e a scitiuiiK 
iiHMning and an e\er\tla\ meaning. Sueh a list for energ\ with ClC Sl 
pupiK couKl be 

<^*nergy kinetic h^sl 

ti'Hisfei eleetrieilN heating 
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potential conservation insulator 

conductor sound light 

work joules Newton 

i force metre stored 

Instructions to pupils: 

• On your own write five sentences. 

j Each sentence must contain at least two of the words in the 

: above list. 

• Now join with three others. Share your sentences with them and 
discuss whether your sentences are scientifically correct, 

• hi your group, pick five sentences, three of which you arc sure 
are scientifically correct and two which you are not sure about. 
Write these on a piece of paper, 

• Pass the sheet to the group next to you on your left. With the 
sheet that is passed to you, discuss as a group whether you think . 
each sentence is scientifically correct. If you think so, mark it 
with a tick. If not, mark it with a cross. 

• When you have finished pass your piece of paper onto ihe next 
group. 

Continue this till your piece of paper returns to you. 
Nt>w. answer these questions: 

• What is the focus of the strategy (ov learning in acti\ities such as 
concept mapping, word association and key sentences? 

• Why might this be of value? 

• When would it be of value? 



3.5 Selecting Appropriate Activities 

Mcnhns liyicf 

Ohjntnr • The studeiit tejcher should be able tt> selecl activities to match 
pupils' needs and gi\c an adetjuate rationale for their clioice, 

7V/MC • 2 hours tor the student teacher to carry out the activities and 
reflect i»n their use 
• 7. hour discussion with mentor 

Studies by I icr Majesty's Inspectorate {I IMI) ha\e consistently shown that the 
ability ofteachers to match tasks to children is generally poor: the requirements 

4S . 
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of high attainers are underestimated and low attainers overestimated. Student 
teachers should now have sufficient experience of a range of pupils^ activities 
in the classroom to begin the process of thinking about the issues involved in 
the matching of activity to pupil performance. 

The broader issues, expressed in a programme of study, need translating 
into schemes of work and then into classroom practice and pupil activities at 
the level of the lesson plan. Global aims, individual pupil performance and 
skills, as well as the constraints of the individuJ science department, all influ- 
ence how the selection of pupils' activities is made. 

Work in activity 2.5 on realizing aims and that in 9.5 on differentiation 
may be particularly relevant and helpful to this activity. Activity 3.5 should 
be carried out before activity 4.5. on revising part of a scheme of work, which 
can be used as an umbrella for these other activities. 

Imtrtutiofis 

• 1 direct the student teacher to the two grids in the student teachers' 
activity - 

• Discuss with the student teacher his or her report on the questions at 
the ends of the grids. 



3.5 Selecting Appropriate Activities 

Stiuiait I't'iuhcr's Ih'icf 
( )hit\fii i- 

You should be .ihle to select pupils' activities tn match pupils' needs by 
considering criteria lluit you can articulate. 

• Carry out the acti\ities that are described below . 

• An.swer the questiiMis for reflection at the end i^f each activity. 

• Write a brief report on your answers to the questitjns ai the ends 
ot'tlie acli\ities with the twi^ grids. 

• Discuss your report with your mentor. 

. \fi ,/{ tirity 

• thrcui^h the grid and enter a tick where the activitv is 
suitable for that aim and a cr(^ss where it would be unsuitai)le. 

• Now use the final colunui. Put an in the column if have 



Leamini^ to Teach Science 



used that kind of activity often, a N if you have never used that 
activity and an S if you have used that technique sometimes. 



Table 3.1. An aims/activity grid 




I Teacher dictates notes \ '• \ ■ i ' 1 

I ...... 1- - ... -.-■j 

; Teacher demonstrates 



" Pupils experiment 1 i. \ - .\ \ 

I P-jDiis discuss , ' ■ ■ i . i i 
" Pupils use IT 

I Pupils watch viaeo ] _j . j . | j 

\ Pupils compose own notes i ^ I J . { I 

Pup^is n>a^o presontat'ons i -\ . \ . 

'' Museum viSit - : ' ■ 

] ' I ' ^ . 

' F.oid vvo'f i ; . . , 

; DARTs act'v.ty ' i , . ! ! 

D^ma presentat on ' 4 i . ^ j 

Pupils '■ead ^ ^ . i i i - j 

Othc oi yo I' chO'ce i _ _ _ : . J ' 

• Now look carefully at the pn»nle that you have just C(unpleted. 
Wiiat does it tell you about your approach io teachini;? 

• Is there a i;ood reason why you ha\e made little use oi some ot 
these activities? 

• Aie there any rules for decidint; which activities arc suitable for 
which cumsr 

Wiiat mi^ht those rules be? 

• ! h)W do different activities lor pupiK prcunote different nnai^es 
of the nature of science? 

• Which iinai;e do you wish to promote? 

• How sliould you chani;c your teachini;? 
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L:njoyif\{l science 

• Check, with a tick, those things which may be particularly en- 
joyed by the groups listed. Put a cross for activities that you 
judge to be inappropriate for particular groups. 

Table 3.P: A pupii activity/enjoyment grid 



Which activities do you think 
Dupils will enjoy? 

(Tick those which you think 
wou'd be particularly successful ) 



Dong an experiment 
described on d workcard 



j Watching a teacher demonstration 



8 § i o) -^ I Q ■ 



Is 



i ^ o i 



9 §> : -g^ 



I 



! Writing notes from d'Ctation 
) lor 15 m^n 



p > 
o S 



>- o 



— ! w 



Coniposjng own notos fo' 15 n^ n 



Tatiinq paa .n y\ sfrj.i g.'oup woik 
on the JCf/'fjn of an exoermicnt 

Listening to a 70 n-^.<nuto lafi^ fron^ 
the lcaLh(M o'-s c\ topic fron» tnc 
sy^sabjs 



Cooyi'ig a diagMn-. fron~i a boo*- 



Ptirt'';.'patiny m i\ cia^s a sc.jss.cn 
on tnc )n-)poMa:v:o of a srovcry 



lACading an art^Ji) fion^ ,j 



Which activity do you |uctt;c to be the most uni\ersally applicable; 
Whv niit;hl this he so? 
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I • Which activity do you judge to be the least universally applicable? 
Again, why might this be so? 

• Arc there patterns across the activities and groups of pupils in 
terms of enjoyment? What are these patterns? 

• Are there any rules for deciding which activities pupils might 
; enjoy? 

i What are they? 
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Planning and Managing 



Aims 

Teachers arc iiiaiiagcrs. They may be managers of iiiorc than tliirly learners 
at a time. The teaeliers don\ di) the learning in the way that a factory manager 
doesn't actually operate the machines in the factory. The teacher, as manager, 
does have a responsibility to make sure tliat the learners can 'manufacture' 
their learning. 'The aims of the activities in this chapter are to help student 
teachers to develop the following; 

• knowledge of the elements t)f pLmning and classroom managetnent; 

• skills and stnitegies foi- organi7ing and managing activities in lesscHis; 

• skills and strategies in planning and m.niaging continuity between 
lessons; 

cNperience in developi^ g and planning a scheme of work. 



Introduction 

III this chapter, the focus is on the how of te.iching: pn^cedures, loulines and 
sti'ategies. l liis is closely linked with Ciliapter vviiere the focus is on the 
u'htit of" teaching: what is available .uid which activities might be selected. 
Student teachets need to see the symbiosis of these. 

Activity 4.1 introduces the lessc>n plan .is the basic document that sup- 
ports teachers while they are at wc^rk. The lesson plan combines how things 
are to be done, w ith the choice of w hat is to be done. Student le.ichcrs need 
io be directed to producing lesson plans th.it .ire clear, coherent and concise, 
ritis should help them build vepertiMres ot"procedures, routines and strategies. 
Activity 4.1 introduces lesson plans as su|^|M)rt documents. 'I he selection of' 
cKissroom .ictiviiies for lessi>n plans will, in the main, be tor pupil activities, 
It i^ therefore iiiipc^rt.int that the student tcichers think abiuit vvh.il the pujMls 
w til get (rom the activities ,is well .is how to (»rg.int/c .iiul inan,ii?.e the activ- 
ities themselves. What are the pupiN 'manufacturing', in terms o{ their 
know Icclge .iiui skills, ihrcuigh the operation ofdi.u particular learning .ictiv it v r 
I his ties in with .ictivity .V2 on obiectives for pupils. 

6 , 
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The activities for student teachers in 4.2 are intended to help student 
teachers develop skills in teaching parts of lessons. The recommended strategy 
for mentors is to introduce the student teacher to planning, organizing and 
managing these smaller parts of lessons before the student teacher graduates 
to teaching a complete lesson unassisted. Student teachers will need to be 
able to plan sections of lessons in more detail than appears on the standard 
lesson plan. Where a key skill, piece of knowledge, use of a scientific tool 
or technique is to be introduced auxiliary prompts and directions sht)uld be 
developed during planning. The directions on 'observation with a higher 
resolution' in activity 2.2 should help student teachers see the ctM -sequences t)f 
other teachers' decisions over choices of sequencing and pupil activity. Activ- 
ity 4.3 is directed at the planning, organizing and managing complete 
lessons. 

Activities 4.4 and 4.5 are designed for use when student teachers take 
responsibility tor teaching a complete topic area in a prt^gramme of study. 
Student teachers should be required to review and re vise part of a scheme o\ 
work for a module, unit or topic. This is planiiing. organizing and n.ianaging 
the largest unit of work that a student teacher might reasonably be expected 
to deal with. Mentors sliould select some topic in need of revisitMi and/or 
development. The product of this revision should be useful to all members of 
the department and theretore needs to be as close to full professitMial standards 
as pi^ssible. In this way, the student teacher can become yet further inct^rporaled 
into the working of the science department by sharing in its corporate re- 
sponsibilities. The focus (U* their attention, can be directed to the t)bjecii\es, 
activities, assessments, Ct>lierence and continuity of the sdieme of work tor 
that topic. Issues of the openness (.>f the activities (Chapter 5), the de\elt>pment 
t)f the learner's language skills (C^hapter and the nature of ditVerenliation 
and progression (Chapter ^)) should start to play a more prominent and inie- 
grated part of the stutlent teacher's planning. 

M(^si student te.icheis are anxious about classroom control. \ c.in 
be reassured if their wcnk is presented as a management job rather than a per- 
formance job. Planning, organizing and managing efR-ctiv ely can coiisidei- 
.ibly reduce the (^ppcTtunilies for classrooin disruptit>n. Pupils can be expetied 
to hi; on-lask when their tasks are well-planned aiul well-(Mganized. 



4,1 Elements of a Lesson Plan 

()/'/(</M'i • Suuloiit U\r1k'Is should be .ible li> list tlu- rk'iiKiits dt .\ Icvsi.n 
pi. 111. toinmeni on their iu'ccssu\ in supporting ihe icatlici .i> .i 
luaii.igci .ind comment on the .id\ .iiu.it',c^ .ind dis.uh .int.igt s ot 
liitVciciit sivlcs of lesson pi. 111. 
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I'ltni • 1 hour of studcMit teacher time 
• 7> hour discussion with mcntt>r 

• Provide the student teacher with various lesson plans. If a variety of 
different styles can be used from your own stock this would be an 
ad\ antcii!;e. 

• (iue the studeiM teacher lime to answer the questions in the activity 
brief 

• Meet to discuss the student teacher's answers. 

• Ke\ elements of a lesson plan include: 

date; 
(lass; 

time and room. I'or record kecj^inj^ and reference purposes. 

• Sume indication slu)uld be made t<> the: 

topic, module, or referenced scheme ol'work; 
specitic lessiMi topic, or scheme t>f work reterence, 

• 1 Ik- bulk of the plan sliould concentrate on: 

ob|tctives tor t;eneral orientatit)n; 

ai tiv ities for the pupils; 

oiimates of the time each activity will take; 

sonic indication of the real time at which activities miu.ht be 

expected to start; 
short experimental notes and safety warnings; 
si/es i^l" pupils' working groups tc^gether with the number ot 

grmips; 

book releieiices and ke\ questunis, luMnewt)rk. 

\\ nil I I iin'i- ut ilitVercnt styles, advantages, disadvantages and additions aie 
t i-iu i-.^ highlight and discuss. The jif nciple differences are likely to be in 
uiiiis i»I managerial guidance on sub-sections of the lesson, e.g. in the lesson 
plan L'.ivtii beh^v . the notes fi^r the pupils to copy down from the board 
might be exphutU written out m advance rather than made up on the spur 
.»t iIr- moment. Similarly tiie summary for the lesson might be worked out 
m advau'. A wiitieii l eminder on which microscope obiective to use would 
hi helplul. A satetv warning lartl for the ammonia and hydrtKhloric acid 
cxpenmeiit and perhaps the boiling kettle will be essential. Other points will 
doubtless rmerge as you draw upon your own experience and expertise. 
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4.1 Elements of a Lesson Plan 

j Student '!\'dihet'< f^tief 

I Ohjective 

I You should be able to list the elciiieius of a lesson plan, eoninieiit on 
I their necessity in supporting the teacher as a manager and comment on 
1 the advantages and disadvantages of different styles of lesson plan. 

j 
i 

j Itisductioiis 

: • Look at the lesson plans pro\ided by your mentor together with 

\ the example below. 

1 • Write down what you think are the key elements of a lesson 

] plan, 

j • Note down why those elemeiils are necessary. 

; • Briefly note down how lesson plans might differ. 

• Ihink of the ad\antages and disadvantages of different st\!es of 
les.son plan. 

• List other paper -support materials (not w oik sheets for the 
pupils) vou might need to prepare to help you organize and 
manage the pupils* learning. Why might you need them? 

Sjhinneii /c»(>m plaji 
( iroup iHc Week <^ 

Wednesday. 2 June 10 am Lab. 2 

I'opu: Lhe macroscv^pic properties ol' materials and their niicrc^- 

scopic structure. 

(.e.^<on Brownian motion and the pariicuLue nature of maUer. 

Ohjectiir^: Pupils sluuild be able to: 

• use the particulate mode! of matter to expLiin some 
physi' al phenomen.i: 

• tt^llow instructions to (jbsci\e Brownian motion in 
smoke. 

A'fi// time Aitii'itie.^ Time tiihen in nunnte^ 

in.oi^ I- ntr\ /register/collect lab reports on si/r of(M! molecule .S 
10. {s.ifctN' w.irnings) 

t^>. "What IS happemng here?' 

Point out sets of stations: 4 people per station. 
Circus ot' activities on particulate matter: 

.v> 
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boiling keltic and niching icc-cubcs/pcrnianganatc [ 
crystals in water | 
smell of scent/fuming of ammonia and hydrochloric j 
acid. ; 
Pupils to circulate and note down what they obser\e. 15 j 

10.20 C^illect pupils' own descriptions and ideas and write ihcni : 
on the board. j 
10.30 Pupils copy down summary notes from board: 1 
particlcs/motioi'i/tcmperaturc. 10 j 

10.40 Browniaii motion experiment (I3k. 1. p. 51, expt. 5) \ 
pupil to read instructions aloud from the bot)k. 
Discuss. 10 
10.30 Do Brownian motion experiment in groups t)f 3 

(K^ microsct>pes). 15 
11.03 Pupils start write up with diagram of smoke cell. 13 [ 

11.13 Summarize the morning's activities. } 
l lome assignment of experimental write up and I 
photocopied CiCiSH question p. 1, QO, 5 ] 

11.20 Knd. 



4.2 Team-teaching Parts of Lessons 

Mi'utor'< Ihicf 

Ohji'cdvc • Student teachers should he able to use a variety of teaching 
skills and strategies in a team-teaching situation. 

I'itfic • I esson time, ami up tt» 2 hours for the student teacher on each 
activity to be planned, discussed, organized, taught and reviewed. 
• 1 esson nme, and up [o '/> hour for the discussion ol' the plan, 
i^bscrv .ition and debrief with mentor. 



Tour learniim o|i|M)rtunuies tor puj^iN have been selected for student teachers 
to develop their planning, or^ ni/ational and classroom management skills: 

4.2a Peiuil and pajK'i" task 

4.2b C "lass practical 

4.2c 1 H'lnonstration with a question .md answer routine 

4..\i 1- \j>l,inalioii al the bu.ud with .i ijucsiion .itui answer routine 

I !h- tasks, ,iiui the order in which they .ue presciiteti here, are gradeti in terms 
of :iie amount ol direct (.lassrooin control the student teacher must assume. 
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It is far easier to nmnagc a wcll-dcfincd pencil and paper task than to manage 
a question and answer routine while dealing with some explanation at the 
board. Generally the more the pupils are on-task, independently of the stu- 
dent teacher, the ensier it will be to manage that learning opportunity. 

Activity 4.2b. ^Class practical', and activity 6,2a, Eliciting ideas' compli- 
ment each other as do activity 4-2c, M)emonstrntion with a question and 
answer routine' and 6,2b, 'Sharing ideas'. 

hi<(mctiom 

For each activity: 

• Select opportunities tor the student teacher to team-teach parts of 
lessons with you, with colleagues, or with other student teachers, 

• Brief the student teacher well before the day of the lesson. 

• Discuss the student teacher's preparation in advance t)f the lesson, 

• Select an observation technique from the activities in Chapter 2. 
Use this when the student teacher teaches, 

• T eam-teach the lesson. When the student teacher is teaching, observe 
the student teacher's actions, 

Record your observations. 

• Pebrief the student teacher by asking for their thoughts on their 
actions. 

Make your opening comments pt)siti\e. 

Where actions can be improved focus tin the specific action and dem- 
onstrate in the rot>m. there and then, if possible. (Refer to c:hapter 1: 
Action .V Debriefmg.) 

/ V.\(H\.\/t)/j poinl< 

• Managerial issues that might arise include: 

timing 

grcHiping of pupils 

moving of pupils to better places for visibility 

positioniiig of the student teacher themselves and monitoring of 

all corners of the rot>m by scanning and the student teacher's 

own movement around the room 
tu gani/ing of resources in terms t>f ptisititMiing for access 
distribution and ct^llectitMi 
availability of all the rest)urces required 

light, \entilation and heat levels would be a jtnnt team responsi- 
bility at this stage. 

• Pedagogic issues include: 

appropriateness of the language level 
repetition and display of" new words and ideas 



clicitation of pupils' own ideas 

appropriate selection of activities to match the learning objec- 
tives. 

• C^)iitent issues include: 
coherence of the science 

appropriateness of the science to the topic and everyday life 
use of evidence and the ways in which we know what we kncnv 
development of examples or the explanation of techniques. 

• Performance issues include; 
body posture 

eye contact with the members of the class 
\'oice level and variation 
pacing of speech 
use of chalkboard or OH? 

the checking that board writing can be seen by all. 

4.2a Pencil and Paper Activity 

Student 'Teacher's Brief 

This is the first of four activities that are designed to help you learn and 
practise teaching skills. The teaching activities are all parts of lessons 
rather than a complete lesson. The intention is that you will benefit from 
observing your team-teaching partner at work as well as having their 
support when you come to organize and manage your activity in the 
lesson. Your partner can observe your actions and provide you with 
I feedback. 

' Objective 

I You should be able to plan, organize and manage a pencil and paper 
activity. 

' Instructions 

; Refer lo activity (),2b, 

' In planning your part in the lesson you need to do the following: 

• Briefly discuss the task with your mentor ot the class teacher. 

• Locate the task materials or resources. 

; • Think about how the task fits into the general pattern of the 

lesson. 

Decide upon pupil objectives for the task: what the pupils 
will be able to do or know that they could not do or didn't 
know beforehand. 
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Decide on tiniint^s: how long cit> you estimate the task, to 
take? 

rind out or decide about: 

the expendabiiity and need tor duphcatitMi of wt^rksheets 
number of texts and sharing (books) 

the status of the writing (rough, best, to be corrected, as- 
sessed etc.) 

the initial instructions to pupils, write theni out to clarify 

them for yourself 
the fmal instructions to pupils. 

• Discuss the lesson plan with your team-teaching partner. 

• Supplement the lesson plan with notes for your activity. 

• Do the pencil and paper task for yourself so you know exactly 
what the pupils will be doing. 

These are things \'t)U slunild dc> during the time that you take charge: 

• C!heck that pupils ha\e understood your instructions (ask 
someone to repeat them back to you). 

• C!heck that the pupils underst.uid the purpose of the task and 
how it tus into the lesson. 

• Monitor the pupils' progress on the task by circulating around 
the room and checking their work. 

' Keep a watch on the time. 

• Decide i>n when to warn the |nipils that the\ will be stopping 
soon. 

• Stop the pupiU. 

• Ask one or two pupils to tell the class their answers, discuss the 
results or summarize for the pupils. 

• Hand o\er to your ct>lleague ready for the next acti\ity. 



4.2b Class Practical 

^ Ohjcitu'c 

You shouKl be able Xo plan, organise ami manage a class pratiic.il .is part 
; of a lessnn. 

This art!\it\ is cnmpli!nented h) activits fi.2a. 'Micting pupils' ideas', 
hi planning \our part in the lesson \ou tued do the following: 

r - 
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• Briefly discuss the class practical with youv mentor or team- ' 
teaching partner. | 

• Think about how the practical is part of the scheme of work. i 

Decide which process skills arc to be emphasized or as- j 

scssed. I 

Decide on the content knowledge the experiment develops, j 

Decide how the experiment exemplifies the scientific ap- | 

proach. ! 

Decide if the experiment is to be exploratory, hypothesis j 

testing or illustrati\e. j 

• Write out behavioural objectives for the pupils' learning. j 

• Decide about the following; i 

grouping of learners: pairs or threes (with tours there will i 

always be one person who is not immediately next to the | 

person doing the experiment at that moment): ; 

how much of e\ erything will you need for the number ol' j 

groups that will operate; | 

timings: how long do yc^u estimate the ex[)eriment to take: ; 

safety and C'C)SSF-i requirements; j 

where in the labor.itory items will be placed ft>r access by ! 

pupils: ; 

disposal of waste and used materials. ' 

• Practise the experiment so ytui know what advice lo give pupils ; 
so they will be successful in the task. : 

• Discuss your plan for the class practical with your team-teaching | 
partner. ! 

These are things you should i>rgani7e before your acii\ity in the lesson: : 

• Carder the equipment from the technicians vsithin their deadline, i 

• C!heck on the experimental instructions to pupils for com- j 
pleteness. ct)rrectness, safety aspects .uul the number of copies 
required. 

• C'heck on the nature of the pupils' written reports: rough, best, , 
to be marked, assessed .md so t)n. 

Before the lesson you need to klieck on the folK^wiiig: j 

• "i hat the technicians ha\e prepared your equipment foi the 
laboratcM'v. ! 

• The pi>sitio!i i>l (Mjuipmenl/chcmuaU/s.nnplc^ foi cucierly collcc- 
lion bv pupils. 

• C'oinit items that might be K^st or easily remo\ed from the < 
laboratory and keep a note of how many there are. 
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When you take charge of the class experiment you should pay attention • 
to the following: 

*■ i 

• Ciive out worksheets if they are to be used. Rehearse with the ; 
class what they will do and why, providing the focus is not one j 
of following written instructions. 1 

• Point out safety issues. \ 

• Organize the orderly collection of equipnient/cheniicals/samples, i 

• Circulate amongst groups when pupils are experimenting. Ask : 
probing questions about the purpose of the practical, their | 
observations, conclusions, justifications. (See activity 6.2a.) ; 

• Trouble-shoot problems of specific groups. | 

• Keep a general watchful eye on the progress of groups you are 1 
not immediately dealing with (you will not need eyes in the back \ 
of your head just a general scanning strategy). 

• To give further instructions, call pupils to order when necessary i 
and insist on silence. 

• Give pupils a warning of imminent finishing and clearing away. 

• Supervise the orderly return, .Mid counting back, of equipment. 

• Supervise the disposal of waste. 

• Return the class's attention to your team-teaching partner. 



1 4.2c Demonstration with Question and Answers 

i Student 'rfaclwr's Ihicf 
Objective 

I You should be able to plan, organize and manage a demonstration, 

j hL<tructioii< 

• This activity is complimented by activity f>.2b, 'Shaiing ideas'. 

I hi planning your part in the lesson you need to do the following: 

i 

' • Briefly discuss the task with y(Uir mentor, the class teacher or 

j your team-teaching partner. 

1 • hind out which demonstration to do. 

I • Think about how the activity fits into the general pattern of the 

lesson. 

Hrcide on pupil ohjecli\e.» for the ik'monstration in terms 
j of both pupils' process skills and content knowledge. 

! Hecide on timings: how long do you estimate the demon- 

1 stration to take? 
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• rind out or decide about: 

which apparatus/chcmicals/saniplcs you need; 
where these are kept, which cupboards; 
how the apparatus fits together, what the procedure is; 
safety and COSSH requirements. 
Discuss these with the technicians. 

• Practise all demonstrations before you do them with a class. 

• Discubs your plan for the demonstration with your team-teach- 
ing partner. 

rhese are thingb you should organize before your activity in the lesson: 

• Order the equipment from the technicians within their deadhne. 

• Decide upon where in the laboratory is the best place to do the 
demonstration so that all will be able to see clearly and safely. 
Decide on key questions to focus the pupils' attention on the 
phenomenon and their ideas about it. 

• C^hcck that everything you need is ready in the laboratory. 

• Briefly check the arrangements with your team-teaching partner. 

During the time that you take charge of the demonstration you need to 
do the following. 

• Ciroup the pupils arcumd the demonstration. Hnsure that all can 
see clearly. 

• Mention safety if necessary. 

• Hlicit pupils' ideas on what is present on the bench. (See activity 
6.2b.) 

• Hlicit pupils' ideas about what will happen, or doch happen. 

• Ask your questions two cm* three times before choosing a re- 
spondent. 

• Nominate respondents acrc^ss different groups (boys - girls, front 
- back, those with hands up - those without, etc.). 

• Watch the cU^'k so you don't cuer-run. 

• Summarize uhat they have seen and discussed. 

• Return people to their places in an orderly fashion ready for the 
next activity. 



4. 2d Explanation at the Board or OHP 

Oh jet f/Cc 

You shcMikl be able plan, organi/e and manage an explanaticwi sup- 
ported by board wi^rk ov OHP. 
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hisfriutions 

Advice given in activity 6.2b also applies here. 

In planning tor your part in the lesson you need to do the tbllowing: 

• Carefully check the scheme or\vc)rk for the topic and the depth 
of treatment required. 

• Review any past examination questions that might be appropriate. 
I • Clarify why you are doing this part of the lesson in this way 
; rather than any other. Write out a behavioural objective for the 
i pupils' learning. 

j • Write out the key points of the explanation and order them in a 

; logical sequence. Preface the sequence with an o\erview and a 

question that the explanation addres.ses. 

• I-ind any audio-visual aids which may support your explanation. 

• hstimate how long the explanation will take: 

I 10 to 15 minutes is enough tor a motivated, abo\e average 

; group 

j plan for shorter times with less moti\ated lear*ners. 

• I )iscuss the lesson plan with y(.)ur team-teaching partner. 

lk*fore you take charge of the explanation you need to organi;^e the 
following: 

• Requisition audio- visual aids it\ippropiiate. 

• C'heck that the audio-visual aids are working. 

1 During the time that you take charge of the explanation you need to do 
ihe following: 

• Raise the problem that your explanation will address (see acti^- 
ity ().2b). 

• Cive a brief ov erview of how the explanation is structured, 

• Start at the first point and make it clearly. 

• Return to the overview to show that you are moving onto the 
next point. 

• Ask questions of the learners as you go along. Relate (he ques- 
tions to the learning objectives. 

Repeat the questicMis before you nominate a respondent. 

Spread the questions amongst grciups: boys - girls, front - back 
j and so on. 

: • Watch the clock. 

Stop the explanation if vou aie ovci -i unmng and j)lan to lonuinu' 

m the next lesson. 

• Summarize briefly. 

• Return the class's attenti<)n to youi team-ie.iclnng p.irtner. 
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4.3 Planning, Organizing and Managing a Complete Lesson 

Mentor's briff 

Obiativc • Student teaclicrs sluuild be able to plan, organi/c and manage a 
complete lesson with adequate linkai;cs between past lesst^ns 
and future lessons within the scheme of work. 

'l ime • Lesson time, and up to 2 hours, for the student teacher on each 
activity to be planned, discussed, ori;anized, taught and reviewed 
• Lesson time, and up to 'A hour for the diseussit)n t)f the plan, 
observation and debrief with mentor 

Hxperience has slu>wn that student teachers who take charge t)f a ct)mpletc 
lesst)n too early can be overtaken by the multitude of demands that are put 
upon theiiK They may revert to coping strategies that are recalled frt)m their 
own experiences of learning. Lhese may not always be the best strategies. 
Often it is chalk-and-talk with a transmission-mode of teaching and learn- 
ing. Such strategies are certainly not well considered as they are t)ftcn re- 
active rather th.in pit>-activ e. 

'riie starts and ends t>f lessons are the areas that will need special attentit)n 
now. At the beginning t>f lessons, student teachers will have the entry phase 
t)f the lesson to deal with. 'Lhe organizational and administrative aspects oC 
coats, bags and the register will all need to be run through as snu)othly as 
poNsibie. Handing out books, reviewing homework, oftciing praise lo [hose 
wiio iiave done well all need to be remembered and practised. The marshalling 
of pupils' recollections of past work needs to progress into the focusing on the 
next activities. At the end of lessons, student teachers must get into the habit 
oi' summariz'ing the learning of the lesson so as to re-focus pupils' itieas. 
Organizing homework, reminding people of disciplinary actions, if any have 
to be taken, rewarding those who have performed well and dismissing the 
class have to he worked at to achieve a Havvless ct>ntinuity. Ooncurrent obser- 
vation, by student teachers, t>f other teachers achieving these actions, will help 
studenl teachers to imprt>ve their own perforiiKmce. It is not wise, at this 
stage, to rely on memoiies of lessons observed seveial weeks .igo. 

• Select the classes the student leachei will work vvuh. 

• l^rief the siudeiu teacher on the scheme of work and the pu>grt^s the 
pupils have made to date. 

• 1 )iscuss the student teacher's piej^iration in advance of" the lessons. 
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• Prepare for observation of the student teacher's work. 

• Record data on the observation schedule. 

• Debrief the student teacher. 

• Set goals and targets for future lessons. 

• Pro\ide the student teacher with a copy of your written feedback. 

Discussion points 

• Handling arrivals: 

What directions were gi\cn on coats and bags? 

If arrivals are spaced over several minutes what work is there for 

the pupils when they arrive: copying board work, reading etc.? 
How are late arrivals dealt with? What are the school procedures 

and policies? 

• Giving back marked work: 

Did the student teacher give out the books and thereby take the 
opportunity to become more familiar with who is who in the 
class? 

Did the student teacher pick out examples of good work and 
share with the class why it was good? 

• Reviewing the work of the previous lesson: 

Was this done and were pupi!:>' ideas elicited or was it a teacher 
review? 

Was it a well structured activity? 

Was the board used for keywords and concepts? 

• Objectives: 

Are these written on the lesson plan? Are they written in terms 

of pupils' actions, knowledge and skills? 
Do activities lead to the achievement of the objectives? 

• f-ocusing activities: 

Was a clear overview to this lesson provided? 

• Varying activities: 

Is there sutTicicnt variety of pupil activity in the lesson? 

Are activities appropriate to the pupils' skills and knowledge. 

concentration spans and interests. 
Is the variation well structured, e.g. quiet tasks at the beginning 

and ends of the lessons, or more open tasks later when pupils 

are less fresh? 

• Timings for activities and' watching the clock: 

Did the lesson end on time? 
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Was clearing away carried owi before the end of the lesson? 
Were pupils alerted to how much time is left for tasks? 

• Summarizing: 

Was a summary provided? 

Was it clear, coherent and concise? 

Did it rely on ideas elicited from pupils? 

Was board work used to reinforce ideas? 

• Giving homework: 

Was adequate time allowed for the pupils to copy it down. 
Was the homework relevant, achievable and clear? 

• Sharing with the pupils what will be done in future lessons: 

Was there time for this? 

Was it hnked to the scheme of work? 

• Hajidling departures: 

Were disciplinary proceedings followed through with reminders? 
Was there quiet and calm before pupils left? 

j ■ " ;^ ■ ^ " ' ^ \ " ^ 

\ 4.3 Planning, Organizing and Managing a Complete 

i Lesson 

I 

I Student Teacher's Brief 

] Many of the skills and strategies you have already rehearsed will be 

j brought together, combined and refnied in this activity 

I 

i 

: Ohjective 

j 

; You should he able to plan, organize and manage a complete lesson, 

I with adequate linkages between past lessons and future lessons, within 

i the scluMne of work. 

i 

Inst nut ions 

i • Discuss the scheme of work with your mentor. 

• PKui individual lessons. 
I • Use the notes below as a check-list. 

I • Start teaching the lessons. 

^ • Modify vour intentions, plan.>> and actions in the light of feed- 

back frcMii vour mentor at de-bnefing. 1 
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' Wues on ptannin^i^, oiy(ini::in{^ and tnanai^in^^ complete lessons 
i Ycuir planning shcmld include the following: 

• Fornuilating behavioural objectives for the pupils. 
I • Selecting apprc^priatc learning activities. 

[ • Cliccking for variety and appropriateness of activities. 

• Planning extension activities for quicker pupils, 

• Devising a linking strategy. Plan to review what happened in the 
previt)us lesson and to introduce this lesson. 

• C-hecking the availability of equipment with the technicians. 
I • formulating a summary for the end of the lesson. 

• Devising homework for assessment and feedback. 

• Writing out a complete lesson pian including what you will do. 
and more importantly what the pupils will do. 

YiHir organizing should include the folU)wing: 

• rhe requisitioning of apparatus in apprt>priate numbers for the 
grcaips wiiose sizes you have predetermined. 

• The preparatiiMi. tir t»rdering. of written rescairces. audio visual 
aids etc. 

• The preparatiiMi of other materials, e.g. glue. scisst)rs. crayons, 
large sheets of paper, etc. 

In managing, you slKuild pay attenticui to: 

• The entry phase 

• .^ revisitJH and focusing phase 

• Transitions between activities 

• CMearing awav' 

• Organizing of luMiievvork 

• Cicnisolidating and summarizing 

• An orderly dismissal c^f the class. 



4.4 Supplementing a Scheme of Work 

Mentoi '.^ liuej 

Ohjittire • Student teachers sluuilci find, review and evaluate possible sup- 
plemeiuaiv activities tor part ol a scheme of work. 

Tinie • Sever. il weeks of" student teacher work between lesscuis 
• '1 vvi>. 1 hour discussions with mentor 
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When sukIc'iu teaciKMs lia.'c coiifidciHC in managing ct)niplc'tc lessons they 
need to be given the opportunity to review materials that ean be used to 
supplement a scheme of work for a partieular topie. Hiey should be asked to 
earr\ out tiie review as a formal activity. They should draw upon the re- 
sources in the scliooK and at their college, to select supplementary activities. 

Student teachers will have referred to schemes of work in previous les- 
son planning activities. Now is the time to stand back from the pressure 
« »r iiuliv idual lesson plans and lessons to take a broader view of the progress 
ot" learners. This is an attempt to provide links between the general aims of 
programmes (»f study, schemes of work and the detail of lesson planning. The 
tliflerence in detail ot'a lesson plan, scheme of work and prt)granimc of study 
need tv» be clarified so that the work can proceed at the right level. Generally 
speaking. puxiiitnfni> i]f' >huiy are concerned with brtuid-brusii stroke pictures 
thai vvili havt- aims .uui general areas of knowledge and skills sketched ovt, 
1 hev will span a whole key-stage at a- time. A sclietnc of work will repeat the 
amis of the pri>graiiime of study and provide a schedule of termly. weekly 
aiid even lesson-bs - lesson topics, activities and the objectives that the activi- 
ties are tiesigned to meet. "I he lesson pLui is the document tiiat student teaciiers 
-houlti n(>vv be most familiar with. These operate at the level of the lesson and 
liJVL' an internal detailing of the structure of the lesson. 

h\-nu, tioth 

• Idi'iititN a sciieme of vvL>rk that needs rev ising. 

• pjsi uss ilie current scheme of work with the student teacher. 

• I >iiect the stiuient teacher to stan ces of supplementary materials at the 
sdiool. Suggest they hnd supplementary materials in their college. 

• Set .1 deaiiline for the receipt of a written report. 

• Uevievv the iepi>rt with the student teaciier. 



4.4 Supplementing a S< heme of Work ■ 

Shulcm I\iiiha'< liurf 

Ihis atlivity Is intended to help bi»th you ami the rest of the science 
dtpirtinent. Scheme> ot" work neeti updating in a systematic manner. 

^ ou can loninbuie l«> the work of tiie science department b^ curying ! 

t>ut one suth review. Ytui vvil need to dnw uptMi the knowledge and ! 

skills \nu have developed tiirough activities in other chapters in this i 

book. ' 1 
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Objective 

Student teachers should find, review and evaluate possible supplement- 
ary activities for part of a scheme of work. 

liistriu'tiofis 

• Your mentor will provide yt)U with a topic that could usefully 
be reviewed. 

• Obtain a copy of the scheme of work for the topic. 

• Arrange U) ha\e access tt> the materials used to support learning 
of the topic. 

• Use the following questions as a guide to a formal review of the 
scheme of work: 

Are the aims clearly expressed? Arc they reflected in appro- 
priate activities? 
Have tiie aims beei; translated into aciiievable objectives for 

the pupils? Do the activities match the (objectives? 
is there an apprt^priate range ()f types of acti\ ities? How 
\ might that range be different? 

I What provision is tiiere made f()r language development in 

the activities? Are learners with special language needs 

catered for? How? 
is there a good spread of acti\ ities that reflect the processes 

of science? C^oiild this be imprt)ved? 
is any particular \ iew t)f science dt)minant in the activities? 

is this a consistent \ iew or uou 
What provisi(Mi is made for pupils with different levels 

of performance through the provision of differentiated 
I activities? 

I How well does the assessment match the expressed object- 

I ives? 

i is the performance of pupils on assessment tasks mapped 

i onto Science in the Natit>nal C'urriculum? How might 

] this mapping be imprt>ved? 

i • Sift and sort through resources in the school and at your college 

to find alternative activities for pupils. The emphasis at this stage 
is on improving variety and appiopriateness and not on whether 

' they can be fitted into the time schedule. 

I Write a reptut on alternative acti\ilies for pupils that might be 

I used to supplement the scheme of work. Justil'y yciur choices. 

I • Discuss the report with your mentor. 
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4.5 Revising and Trialling Part of a Scheme of Work 

Mentor\s Brief 

Objective • Student teachers should produce a revision of part of a scheme 
of work that they have trialled in tlieir own teaching. 

Time • Several weeks of student teacher work between lessons 
• Two. 1 hour discussions with nieiitur 

hi it ructions 

Following on directly from activity 4.4 this work aims to extend the student 
teacher's professional growth with the compilation of a revised scheme of 
work. 

• Ask the student teacher to return to the report tiiey produced in 
activity 4.4. and ti> select from the supplementary materials they have 
gathered suitable acti\ ities that might be used in the scheme of work. 

• Preview the revised scheme with the student teacher. 

• Set a deadline for receipt of the final version of the revised scheme 
of work. 

• C.\)Ilect the final version. 

• Discuss the report with the student teacher. 

1 

I i 
4.5 Revising and Trialling Part of a Scheme of Work 

Snuietit 7Viu7tfrV Ihief 

Ohjeilive 

You should produce a revision of part of a scheme of work that you 
have trialled in your own teaching. 

Instruttioth 

The work you ire to revise here is for a series of' about six lessi)ns, say 
three week's work with pupils, no nmre. 

• I ii>m the work carrier! out in activity 4.4 you should now ha\e 
a comprehensive view of the scheme of work on the topic as 
carried out in your school, together with notes on comments on 
supplementary acti\ ities. 
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• Use your knowledge, skills and resources to provide an im- 
proved scheme of work. You will need to do the following: 

Use the resources in your college library and science area to 
find as many activities as you can that relate to the topic. 
Include computer assisted learning, videos, worksheets, 
slides and pre-recorded audio-tapes. I'ind SAl'IS activ- 
ities that may be relevant and look through established 
schemes published as textbooks (see activities 8.3 and 8.5). 

Review these resources and actixities. 

Look through Science in the National Curriculum, at the 
appropriate key stage, to fmd what might be statutorily 
requited. 

Sketch out differciit pathways through the topic in terms of 
sub-topics - that is what should be taught first what should 
be taught next, and so on. Try to find at least two dif- 
ferent starting points, end points and pathways. 

Review your pathways through the sub-lopics for their 
suitability for the pupils, resources and ways of working 
in your schot)l. 

Start to map your selected pathway through the sub-topics 
onto a schedule of lessons in a scheme ol \\ c)rk. 

Relocate sub-topics whilst you add activities and behavioural 
tibjectiv es. 

Review the scheme tif work and again reU^cate and rexise 
sub-topics, activities and objectives. 

Map Science in the National Curriculum levels onto activ- 
ities where appropriate. 

Add suitable assessments at suitable places, l-or this you 
will lia\e t(^ refer back ti^ the original sheets that should 
accompany programmes of study in your science depart- 
ment. 

Review the sche.me of work. 

• Present ytniv draft scheme to your mentor. 

• Revise the schejne in the light of your menttM 's comments. 

• Trial the scheme of work through leaching the activities in your 
lessons. 

• I-.valuate the lessons and revise the scheme t^f work. 

• Present the final \ersi{>n to your mentor for discussitm. 




Chapter 5 

Science Investigations 



Aims 

The aims ofthi^ cli.iptcr arc lo liclp student tcaclicrs to: 

• become more familiar ^vith the variety of learning opportunities 
offered by investigational work in science; 

• develop skills and strategies for helping pupi's to learn in open 
situations: 

• gain knowledge and skills in analysing investigations sc^ as to plan for 
progression and differentiation within a topic: 

• plan strategies tor formative assessment of pupiN d(»ing in\estiga^(»ns 
in topics. 



Introduction 

Say 'science lesson* to most people and they would probably think of some- 
tiling involving 'practical work*, liowever. as the years have gone by since 
the major curriculum revisions of the V.H){)s and l^)7{)s, the nature and value 
ot 'practical Work* have been examined and questioned. Clurrent curriculum 
innovation focuses more on explorations and investigations. These are not 
synonyms, the change of word is important and indicates a more thoughtful 
approach to science education. In science education, pupils build kiK^vvledge: 
they build knowledge about the content of science ..nd about the wav in 
which science is done, in doing this, they invariably practice the processes of 
science (see also Cihapter 7). This chapter concentrates on the teacher's role in 
setting up. managing and assessing the type of work in science called invest- 
igaticuis. liy mvestigations we mean any activitv in which pupils use the 
processes (^f science to build knowledge which is new to them. 

Iuvestigatu»ns otlei pupils an opportunity l(» be invnlved in the prittesses 
of d(»ing science for themselves: to combine their theoretical knowledge and 
understanding, of scienee wnh their practical knowledge and skills. Simon c/ 
ill. i\^y)2) identified three phases in investigatory work: defming the problem. 
cho(»sing a inethcHi and arriving at solutions. Aspects iW" niv estigatorv wc^k 

" i 

O I 



Leaniifi^i (o Teach Science 

can be categorized as being on a spectrum of openness. An understanding of 
this idea helps teachers to match investigations to individuals and to groups, 
to plan tor progression in their teaching and to structure their assessment of 
a pupiTs attainment. 

Pupils in Year 1 are perfectly capable of carrying out open-ended invest- 
igations. However, their thoughts, actions and products will be different 
from those of pupils in Year 11. Gradual development of skills and know- 
ledge changes the qualitative nature of pupils approaches to investigations. The 
descriptions at the ten levels for Scl are best interpreted as an attempt to 
provide guidance on the qualitative changes that take place as pupils progress 
in their investigatory skills. Qualitative changes in pupils' knowledge and 
skills are not to be confused with the openness that teachers build into invest- 
igatory work. How a pupil performs, in terms of attainment, depends upon 
the pupil. Providing openness in investigatory tasks is, by and large, a plan- 
ning, organization and management problem and thus depends on the teacher. 

In activity 5,1, investigations which differ in :hcir openness are examined 
and the possible learning opportunities in open tasks are explored. In activity 
5.2, a variety of techniques for helping pupils to learn in open situaticms are 
introduced. These techniques can be practised by student teachers with small 
grt)ups of pupils within a lesson taken by another teacher, or within their own 
lessons. In activity 5.3, the focus moves io planning a whole lesson in such 
a way that a structure for learning is provided within an open situation. Tb 
fourth section deals with issues of planning for progression and differentia- 
tion. The fmal section deals with assessment issues in investigations, in par- 
ticular planning to maximize formative assessment opportunities through pupils 
taking an aeti\e part in the assessment process. 



5.1a Analysing Investigations for Openness 

.Mentor's Brief 

Ohia!ii'c> Student teachers should be able to apply the idea of openness 
in investigations tt^ analyse activities for pupils in the schooKs 
programme of study. 

/ ime • 1 hour for student teachers to read notes and analyse worksheets 

for investigatory work 
• luujr discussion with mentor 

lustrmdoiis 

• Ask the student teacher to read the notes about in\ estigations and tc» 
disciiss their ideas about openness with you afterwards. 
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• Select two practical activities used at your school and ask the student 
teacher to analyse them for openness. 

• Discuss the student teacher's analysis and their suggestions for 
modifications. 

Summary 

The discussion at the end of activity 5. la should emphasize that investigations 
may have different degrees of openness. Making something more open does 
not necessarily make it easier or harder, it just makes it different, fhe type, and 
the amount of difference are important and can be helpful in planning, managing 
and assessing the investigation. 



5.1a Analysing Investigations for Openness 

Sfuden! 'reacher's Brief 

In order to build know ledge, scientists investigate the world. To invest- ' 
igate natural phenomena, pupils use various processes of science, hi us- j 
ing these processes, pupils pass through three phases of an investigation: 

i 

• I )efming the problem 

• CMioosing a method 

• Arri\ ing at solutions, 

I-ach of these phases can be analysed in terms of their openness. An ■ 
understanding of ihe concept of t^penness allt»Vss you to plan, manage 
and assess iiuestigatory work more effecti\ely. The notes that follow 
gi\e ad \ ice on how more openness may be introduced hno pupils' 
investigations at each of these phases. 

Ohjeifive 

You should be able to apply the idea t>f openness in in\ estigatioiis to 
analvse acti\ities for pupils in your schooTs programme of study. 

hi'^ntudoirs 

• Kf.jii the notes below about in\ estiiMtuuis ,incl about upeiiness. 

• Read the analssis of the two sets of in \estigatUMr gi\en after the 
notes. 

• Discuss your understanding of i»peiHiess with vour mentor. 

• Analyse the praetieal acli\ities in your sehool's schemes of work ' 



selected by your mentor. Decide what it is specifically about 
each investigation that could make it more open or more closed? 
i:)ccidc how the investigations could be made more open and 
what the consequences might be for pupils? 
• Discuss this analysis with your mentor. 

Making an investigation more closed may make it either easier or more 
: ditTicuit: easier, by requiring pupils to think less (see set 1 of the iiucst- 
; igations below), or more difficult, when it constrains pupils io ideas and 
; techniques with which they cannot operate (see set 2). Open investiga- 
' tions can be iiucrpreted in a \ariety c^f different ways by pupils, and how 
; they interpret them will also dCtlxi the difficulty of the investigation. 

/firt'N7/v'(H/i>fi>; Set 1 

la) Copper sulphate solution conducts electricity, liuestigate how the 
Ht>w uf electricity thrt>ugh the solution is affected by the concentration 
of the copper sulphate solution. Set up a circuit as shown in the diagram 
using W) cm' of copper sulphate st)lution in a 250 cm' beaker and an 
ammetei- to measure the current. You are pro\ided with four difterent 
concentrations of copper sulplute (O.OIM, ().()5M, O.IM. ().5iVl), which 
you should test in turn. 

lb) C:opper sulphate solution conducts electricity. liuestigate how the 
tlow of electricity through the solution is atfected by the concentration 
of the copper sulphate solution. 

Ic) CA>pper sulpliate solution conducts electricity. I'ind out the factors 
that affect the of electricity through a solulitui of copper sulphate. 

h\\'c.<l{\liUioiis: Set 2 

2.A) I he kinetic theory predicts that as the temperature of a solution is 
increased the ions will move more rapidly. I low do you expect tem- 
perature to affect the HtAV of electricity through an ionic solution? Carry 
out an Muestigation to test your ideas. 

2h) liuestigate the effect of temperatui e on the rate t>f l1ow of current 
through an ionic sohitii^n. 

2c) huestigate the factors that .\\\cc{ the tltA\ of vleetncity thiough solu- 
tions of salts. 



Ihe degree of oju-nness ol' ,m iiu t'stigation cm be repiesentetl as a 
position (Ml a spectrum. One might consider three ^pettia; one 1<m- each 
phase (^f iiuestigaloi y woik. 
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Defining the proDlem 



More prescriptive Variables 
specified and operationaiized 



More exploratory. Va'»ab'es are not specified 
but the area for investigation may be 



Closed 



Open 



Choosing a metnod 



Todcher tells students what to do, or 
provides lin>aed amount of appar^itus 



Free choice of 
n-'ethods 



V 



C oseo 

An lying at so'uT ons 



One acceptaDio 
so^'jt'On 
J 



Many acceptdDie 
SGiji.ons 
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/ \hfiin\^ (lie prohlrt}i 

In (ic'CuiinK tl^' pr(»[)lcni. the (Openness dcpcntU on the level (>f pieserip- 
ti(Mt in the statement nf the ip.\esttt;.iti(»ii. All the in\ esti^atUMis t;i\en 
.ib(»\e are about the Hi»\v of" electrieity thmui^h i(Miie sciliitiuns. but the 
laetors to be in\ estit;ate(l are stated at different levels of\pecit"ieity. 
example, in in\ estit^atlon la the independent \ariable (eoncentraliiut 
(^fiopper sulphate) is speeitted, and the dejiendenr \ariable (How o\ 
current) is measured usint; an ammeter. Some t»f the conrrt»l \ariables 
are als(» specified (i.e. the \ohime ofsolutittn and the type (»releetrodes) 
hut others are left unspecified. !-t>r tlnN in\ estit;atii>n. m(»st variables are 
therefore specified and some help k i;i\en in ojierationah/nti; them. 
I.e. iKi idini; how to measure or to ( ontiol them w lu'ii doini; (he in\ es- 
timation. I his in\es(it;ation lies tow aids the closed eiui of the spectrum. 
My contrast the \ariables ti> be iiu tNtit;ated .ire n(»t e\eii specified in 
in\estit;alions U and 2c- which b(»th he upwards (he open end of the 
spectrum. 
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3 Choosifi<i a method 1 
In a more open investigation, pupils have more choice of method, whereas | 
in a more closed investigation the teacher either tells the pupil what to ! 
do or gives such a limited amount of apparatus that the effect is the ! 
same. Another fiictor that can influence the variety of methods that are i 
used is the position of the investigation in relation to other work. If the ^ 
pupils have recently carried out some experimental work using electro- | 
chemical cells, then the methods may already be defined to some degree. ; 
Some teachers have found that existing tasks which are relatively closed j 
can be opened up by giving pupils a choice of methods. The investigations ; 
j in the two sets above are open to some extent in that the pupils have to | 
1 make some choices about how to carry out each investigation. ; 
j ! 
1 Arrit'iuii a! sohitiofis \ 
\ When considering openness, in terms of solutions to a problem, open in- j 
i vestigations have many acceptable solutions. An acceptable solution is one i 
I that is consistent with the way in which the investigation has been defmed : 
i and operationalized- Hor example, in investigation Ic, pupils may reach a ■ 
i number of different solutions depending on which factors they investi- 
i gated and how they carried out their investigations. When investigations : 
are \cry open there are opportunities to match investigations with pupils' 
abilities and progress. Investigation 2c could be interpreted as a compari- 
' son between two solutions taken off the shelf in the laboratory. The 

■ pupils inay be interested in discovering whether one solution conducts 
better than the other, as indicated by the brightness of a light bulb for 
example. Other pupils may carry out quantitative investigations ot vari- 

' ables related to their knowledge and understanding of ions in solutions, 

■ and may e\en irv to develop a malheniatieal nu>del of their fnuiings. 

Not all in\e^stigations need lia\e similar degrees oi openness. I he 
; amount of openness ajM^ropriate for a particular investigation will depend 
on the pupils' past exjKTiences and present needs, and on the aims of a 
particular lesson. InvestigatitMi 2a has been made more closed by linking 
it to ideas of italic theory, whereas in\ estigation 2c does lu^t necess- 
! arily carry that conceptual demand, hnestigation la is made closed by 
specifying and operatitMialixing the \ariahles to be investigated, whereas 
, investigation 2c offers mtue opporiumiies for the pupils to iurmulate 
their tAvn questions and methods of in\ estigaticMi. 



5.1b Aims of Investigations 

Ohji'itivc • Student teachers should be able to repeal ou a range o\\^\^'u\ 
ions, both pupils' and science teachers, on why pupils do in\est 
igations in science lessons. 
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Tittle • 3 hours total for student teacher to talk with science teachers 
and pupils as well as to write a brief report 
• 'A hour discussion with mentor 

Back^^routid 

When asked why they included 'open-ended' work in their curriculum (Simon 
et ai. Chapter 2), most teachers gave affective reasons, such as to give 

the initiative xo students^ to motivate them and to encourage eiijc^yment. A 
much smaller number emphasized developing skills and processes, and fewer 
than 10 per cent emphasized conceptual development. Lack of clarity in the 
aims, and in particular the low emphasis on developing knowledge, cognitive 
and manipulative skills and processes were identified as major weaknesses in 
many lessons iiuolving iiuestigations. 

In struct ions 

• The student teacher will need to talk members of the science depart- 
ment about the aims of investigatiiMis. 

• He or she will also need to talk with some pupils about their ideas on 
why there are investigations in their science course. 

• Ask the student teacher to write a brief rept)rt on his or her findings. 

• Discuss the student teacher's findings with him or her. 

DiM'ussion poifUs 

Pupils' responses are likely to be related lo particular in\ estigatit>ns that thev 
remember, C^nly exceptional pupils will ha\e the t>\erview that the teacher 
has. and therefore rarely do pupils think about general leatures t)f investiga- 
rioiis. Ilie average pupil's strategies arc t>nes of remarking on the *trecs* rather 
than seeing the 'v/ood'. 

When asked about what the\' are learning in iin estigaiion Ic (in activitv 
5, la) many pupils will say that it is to find out wiiat factors affect the conduct- 
i\ ity of copper sulphate solution. Whilst this is the purpose of the investigation. 
It is not the purpose ol ihe learning aciixity: its purpose may be in the skills 
and processes i>f setting up an investigation. I'he pupils will not see the edu- 
cational purpose of the- inxesiigation unless ihb is uKule clear to them. It is 
iherelore important that student teachers jre clear on the purpose oi a learning 
acii\ it\ nu ol\ iiig an iin estigation and that they comnuinicaie lliis to the pupils. 

5.1b Aims of Investigations 

Sltnii fii I i\hih-i \ lUii f 

\(Ui sh(.nl(l be jblc t<» icpoil on ,i i uige c»(' upiinons, both pupils' .uui 
scieiuc teatliois". ^^\\ \\\\\ jnipils d(» in\ estig.itions m s(ieiKe les.oiis. 
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I Instmciions 
i 

i • Talk to members of the science department about reasons tor 

i doing investigations. Note down what they say. 

; Analyse the frequency cif their responses for the categories out- 

1 hned below: 

: To gain knowledge and understanding by exploring phe- 

) nomena through scientific investigations, 

i To give students insight into how scientific knowledge is 

\ created. 

i To use existing knowledge to raise questions and formulate 

in vestigations. 

I To develop practical skills and systematic pn^edures for 

carrying out investigations. 
Ic) use initiative tc^ make decisic^ns. 
To prt)vidc nu^iv atioii 'and enji)yment. . 
Other. 

• Observe a lesson during which pupils are carrying out an invest- 
igation. 

Whilst they are carrying out the investigation, ask some of 
them what thc\ think they are learning through dt)ing the 
investigation. 

Do the pupils have the same perceptions abcnit the aims of the 
activity as the teacher? 

• Write a brief report (mi yt)ur findings. In your report consider 
the fiillowiiig: 

What are the main reast)ns (ov deling investigations in \our 

sclUH^l? 

I>u \ou agree with this emphasis? 

Are there any learning outctniies that you thmk are undcr- 
eniphasi/ed ■ 

\X'liat do pupil, think tlie\ arc learning in investigations? 
ReflexiveK, how much has this activity of surveying opin- 
ions on aims of inv estigalicuis been an open investigation? 

• 1 >iscuss your repeat with y(»ur mentt»r. 



5.2 Techniques for Guiding Pupils in Open Investigations 

( )h]iiUVi • Student tcM( lurs should he able ti» use tvvt^ different techniques 
h»i lulpmg pupils Willi then mvesiig.nions. 

7(,M< • 2 hours pl.ummg. te.un-tc.u hmg and writing .> brict teport 
• '/ hour discussion with ihe class tc.uher ami menliM- 
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Background 

The techniques suggested here provide ways t)f making public, and sharing, 
pupils' perceptions of their investigatory work. This will allow tlie teacher to 
pri^be why pupils are choosing to proceed in particular ways. This helps 
pupils think about their own thinking. The techniques are drawn form the 
work of the OPENS project (Simon, W2) which looked critically at teachers' 
strategies for developing pupils' investigations. 

Instructions 

• Direct the student teacher to lessons where investigatory work will be 
carried out in the near future. Brief colleagues as appropriate. 

• Direct the student teacher to the notes on techniques for guiding pupils 
in investigations. 

• Arrange to discuss the lessons and the student teacher's brief report 
with the class teacher. 



Discussion points 

Using techniques to guide pupils in open-ended investigations is not the same 
as making the investigation more closed. Useful guiding techniques will focus 
the pupils' attentit)n on the processes they must pursue and thereby provide 
them with structured help in those processes. This is not the same as telling 
the pupils the answer. 

Asking pupils if they have planned j fair test is not the same as telling 
them which variable to control, Smiilarly a.>king pupils if they have consid- 
ered how tt^ record their data is not the same as telling them which table to 
use for their results and asking pupils if they hjve linked their conclusions to 
their results is not shitwing them how to carry out an analysis. What each of 
these have in cofnmon is the deliberate attempt to refer pupils to the processes 
of science so as to help them bectMiie more aware of how they operate those 
processes. These processes will need earlier illustration in other less t^pen 
piactical activities where teachers refer to what is happening in terms of sci- 
entific method. 



5.2 Techniques for Ciuidiiig Pupils in Open 
Investigations 

StuJiNt }\iiJui'^ hnrf 

I hiN activuv gives \ou an opp<»rluutt\ to use two (hft'etent tethmqnes 
lor lieljMui; |>upiU with rhcir invcstig>mons. The auivitv is desii^netl to 
be carrieti onl a^ p.ut ol' .i lesscMi vou an tt am-teat. huig vvuli another 
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\ teacher. You will have to do some preliminary planiiiug with the clas.s's 
! teacher. 



I fist met ions 

• Discuss witli your mentor in which lessons you miglit team- 
teach investigatory work. 

• Read the notes below on techniques for lielping pupils in 
investigations. 

• Discuss with the class's teacher how you might collaborate in 
team-teaching. 

• Prepare your part of the lesson. 

• Teani-teacli the lesson. 

• Write a brief summary report. 

• I )iscu.^s the report with the class teacher and your mentor. 



Sotcs oti tcclmiiiucs for <^nidin{i pupils in iHi'C<ti\iotions 
I he techniques suggested below are designed to help pupils to carry 
out their own investigations. The main idea is to provide a structure to 
help pupils to work in an open situation without telling them what to 
do. The techniques focus on 

• using a thinking schedule with pupils 

• usmg \anables tables. 

l\\hHii}uc I: I 'siti[i ti thinkitij^ schedule with pnpiL 

The schedule below is designed to elicit how the pupils are goin:- about- 
doing the investigation. It can be given tc) the pupils at the beginning of 
the investigation. It does luu tell pupils what to do. but provides the 
teacher with niformation about how they are tackling the investigation. 
.'\s tiie teacher circulates around the class during the in\ estigati(Mi . the 
responses to the thinking schedule provide a focus for discussion betweon 
the teacher and the pupils. 

Thinking schedule for pupils 



i.|UL'stu>!i abi>ut 



/ W hat 1 am going to find out 



What 1 already kni>\\ about this 
What I think will haj^iUMi is 
1 think this will happen because 
Ihe etjuipinent I need is (draw the 
1 1 need make a fair test? 
Why I need to make a fair-test 
1 w ill make mv test fair bv 



ev|Uii>ment it \ ou w ant to) 



cS'J 



So 



What lijppciK'tl tluriiig my cxpcrinu'iit? 
in. Is it different from what I thoui^lu would happen? 
11. VX'hat have I h)iuul that 1 tlid not know before? 

/ X'jinitii,^ I lie pr oh lent 

It is impt^rtant to elarit'y what inv estigati(Hi the pupils are aetually earry- 
ing out. and what skills, proeesses. knowledi;e and understanding they 
bi:int; to iheir iiu estiu,atit>ns. PupiU often reformulate investigations 
in ways whieh are different from how the teaeher intended but whieh 
nevertheless still provide valuable learning experienees. 

Use the pupils' responses to 1-4 to elarity how the pupils have un- 
tierstotul the investigatit)n. 'I ry to establish what variables they eonsider 
lo be important, how they are going to eontrol or measure them, and 
why they are planning the investigation in this way. Fupils often have 
an cxpeetatit>n of what will happen when they carry out their inv csti- 
gatUMi- Pupils' expectations also determine what they observe and how 
they undertake the activity. Asking the pupils what they think will happen 
and why. will encourage them to tbcus on predictions and may also help 
them to hypothesize, 

(^lioositii^ method 

Use the answers to points 3-S io focus on whether appropriate proced- 
ures such as *fair-testing" are being used. Explore whether the pupils 
have identified the important variables to ctMitroL 'I'hey should be able 
to justify why some factors need to be ctMitrollcd and others not. Often 
when pupils try lo put their plans into action they need to modify them 
in response to their trials, Find out in what ways the pupils think their 
tediniques are inadequate and what ct>uld be done to improve them, 
c:heck that what they are doing enables them to answer the questions 
that the inv estigatitm is about. Ask them whether they think it does. 

hifuiiti\^ sohitio>i< 

Thinking abt>ut what they have dtMie and why helps pupils to become 
more aware of the processes that they hav e gone thrtnigh in the inv est- 
igation. It also helps them lo devcK^p systematic prtnedures that can be 
applied lo tuher investigations and reinforces their ctMiceptual learning. 
Use the respt>nses tf^ points lo find tuil what pupils have learnt 

about strategies toi investigation and lunv they ctnild improve their 
experimental design. I-iiui out what new kiu>vviedge and understanding 
they have gained. 

•I\\hniij\n' 2: r^in\^ Viuiiihh-^ dihlcs 

Another sunple technique lor gaming insight into pupils' uiuierstand- 
iiig of the investigatiiMi is to use a pupil-ilesigneil v.niables t.'ible. Puj^ds 
are given a blank table without any headings. I he table can be mtrt^- 
duced in a vvlu»le class tliscussion about the variables involved in the 
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iiuostig.uion. Pupils are asked to identify the key variables relevant to 
tlK'ir invcstit;ati()n and t(^ write a list ot'tlicsc. l lie pupils can then choose 
one variable as the indcpemkni variable; identify the variable that they 
will measure, the dependent variable; and place this in the last column of 
the table. All the other variables that might affect the dependent variable 
are placed as headings to the tuher columns. An example of a variables 
table for the following investigation is shown. 

Tills table is taken from inv estigatt>ry work intt) vvliether C()pper 
sulphate solution conducts electricity. Pupils were asked to ctMiiplete a 
table to show luuv the\ would s\ stematically change the factors they 
thought might Ml\{ the flow of electricity through a si^lution t>f C(^pper 
sulphate. 



v,y'jco rc)i>e 



C.onLCiU.'jt on of 
i-ooDc Sulphate 
so ^ It ton 



e ccuodes if^-n i 



riQw of 



0 1 K'' 
0 OHM 
0 04 M 



40 

40 



I hc table shows that the pupils are changnig two variables at the same 
tiiDe 'the independent variables) and this makes it impossible t(» know 
whether the concentration or temperature are having an effect. It also 
slu>vvs what the pupils think are the important variables to ct^ntrol: the 
depth of the electrodes has been ctMitrollcd, but trom this table it diK^sn't 
seem as if the distance between electrodes has been ct»ntrolled. Tables 
such as this aid pupils in planning their investigation by kiCUsing their 
atteiituMi on the svstem.uie control ot' variables through the simple 
expedient of being systematic in quantifying them. The tables alst) make 
the pupils' thinking more obvitnis to the te.icher. 

l-.ither .isk the teacher who is running the less^^n to intrt)duce the 
variables table to pupils in the intrtHluction to the lesson, or work with 
small groups getting them to draw up their own. Use the table as a 
focus for ideniitying key variables and how they are to be nie.isured (»r 
controlled in the investigation. 



5.3 Structuring Investigation Lessons 

A/r \ /))/< ( 

()hintn'i • Student teachers should be able to plan, (»rgani/e and numage 
lesstins with structured sequeiues of'aclivities U^v pupils' invest- 
igations. 
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hnw • Several hours for tin.* studciu teacher to read the notes, plan an 
investigation and trial it with a class 
• 'A hour discussion w ith nienttir 

Allowing pupils a totally free hand for their investigations courts disaster. The 
main emphasis of this section is that pupils need a series of structured activities 
by which they can advanee their investigation. Substantial amounts (^f time 
need to be devoted to teacher-organi/ed thinking, discussitui and writing. 
Practical activity is only one part of the whole. Vo promote that tiiinking and 
discussion, student teachers need to plan investigation lessons invt)lving pupil 
activities such as whole class and small group discussitMi, writing and reading. 

• Instruct the student teacher to read the notes in activirv 5.3. 

• Select a suitable lesson in which the student teacher can trv out the 
inv cstigatitMi structure, 

• Ihe student teacher plans the lesson. 

• Discuss it beft^re the student teacher carries it tuit. 

• Observe the lesson. Keep a note of the time spt-nt on different parts 
of the lesson and the main focus of pupil discussituis. 

• Discuss tlie lesson with the student teacher. 

/ h<iU<<ioti point< 

Alternative strategies for getting pupils to discuss uleas at the beginning and 
end of lessons might include tlie following: 

• At the beginning t^f the lesstui: 

L'se of thinking schedules and variables tables (activity 5.2). 
Brainstorming in groups t^f five or si\. 

Not allowing pupiN to start practical work until they have sclecteti 

apparatus and can explain luwv they will use it. 
Planning in one lesson and carrying out the plan in the next, 

• At the end of the lesson; 

C'lass tliscussitMi ot' posters of tuidings. 

l'se of thinking schedules, and discussuMi in small groups (attivitv 
5,2). 

5.3 Structuring Investigation I.cssons 

Stiidi iil I t ill /n > Unci 

I lie thiee phases o[' an investigation, defining a pioblem. tluiosing a 
metlu^l and finding solutions, miisi be leah/i il in the i fissiouni through 
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^ciciKV teachers planning appropriate activities tor pupils that will take 
them thrt)ugh the three pha.se.s. This might occur in one lesson but it is 
more likely that the work will extend across several lessons. 

Objective 

Yt)U should be able to plan, i^rganize and manage lessons with struc- 
tured sequences of pupil activities tor invt^stigations. 



lu>(yuctiou> 

• Read the notes and case-studv below. 

• Use the lesstm structure outlined in the notes tor ni\ estigatunis 
to plan a lesson or short scries ot' lessons invoK ing an invcstiga- 
t'lon. 

• Teach the lesson/s. 

• niscuss the lesson/s with vour mentor. 



I he lessi)n structure below is designed lu in\"t^l\c pupils in acti\elv 
thinking about what they arc dt>ing. It is designed tt> promote engage- 
ment ol" pupils* knowledge, their ctu^niti\c and manipulative skills and 
their investigative strategies. A le>st>n structure that aims to pronuue 
active mental engagement in in\ estigaticMis sluuild motivate pupils, pro- 
vide periods t^ftinie when pupils think abtuit strategies being usrd in the 
investigation and give them time to reflect on what t*n^^' ^ vc learnt. A 
usetul structure consists i>t"t"ive activities lor puP'' .in notice that 

nlv a small part ot' the time may be spent in pratdcal v\t>rk: 



o 



tocusing — thinking about a denuinstration and 

tliscussing itleas 
exploring — discussing, writing and doing a practical 
reporting - discussing and writing 

cniisolidating tliscussing 

applying ■ ■ tlouig practical, writing or tliseussing 



Case-study: Invcstigaiioti of Suitable Materials 
for a Lab-coat 

Year 10 pupils 

leaihers and |>u|>!K vviu- gnier.ilK not tannli.u with inv csngatioiis, luu 
had done a pre|>ara(iM v lessi>n o\\ lair testing. The aim ot the investiga- 
iKwi was to ilevcloj> jMipiN' ideas ut' fair-lesting. 
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I'OCH<in\^ iictii'itii'< 

The invcNtigation \va^ intrc^duccd towards the end of a tc^pic on mate- 
rials. The teacher came into the laboratory in an old lab-coat with hole^ 
and stains in it. She led a class discussion about the purposes of a lab- 
coat and then organized the pupils into grtuips t)f about four or five to 
make a list of all the features that they thought were important in a lab- 
coat. She collected the ideas (^f the pupils on the board and then intrc^- 
duied the pupils to the investigaticMi: which of the materials pro\ided 
was the best tor a lab-C(vit? I'he pupils then had to identify the factors 
that were related to the problem and to choose the one that they tlunight 
was most important t(^ investigate. 

l:xploiin\^ iictiviiics 

The pupils were helped to reformulate some of their ideas into appro- 
priate investigations. Some imestigated the flammability c^f materials, 
others chemical resistance and (Others strength. They planned how they 
wtmld carry tnit a fair test, made some initial trials and then made a 
more detailed plan which they carried out the next lesson. Next lesson 
the large grtnips di\ided into twt^ lo carry out their in\ estigations. 

Rt'poriifi<^ tictii'itiis 

After the pupils had rect^rded their results, each grcuip was asked to 
report what thev had ft>und tuit and how they had carried out the invest- 
igation. The c(Miclusit>ns were tabulated on the board. Different groups 
had reached different conchisitMis and the pupils were encouraged tt> 
discuss t)nL^aiu>ther's ctMuiusitMis with respect to both the strategies used 
in the in\ estigations and the fiinctitMi t>f the material in a lab-coat. This 
led into the const^lidating phase. 

( ^oti>olid.uin\; iictiritio 

I he discussicHi f(Kused on the main aim of the lesson; fair testing. In 
order to make decisitMis abtuit fair testing, pupils had t(^ draw on ct>ncepts 
such as the effect of surface area or ccMicentration on rate of reaction. 
After the discussion, the pupils were asked to complete their thinking 
schethiles. 

i lie teacher drew on the ideas tle\elojK\i about f,iir-tcsting in later topics 
aiui useti the ideas about r.ites of reactions when introduting a to|Mc 
about rates later ui the \ear. .\n alternaf^e strateg\ cinild lia\e been to 
set a homewtM-k whuh recjuued pujuls to aj^pK the ideas \vo\n this 
investigation m a different context. 
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5.4 Pupils' development of Investigational Skills 

Mtuio)\ Brief 

(.)/>/(•( //I'o • Student tcacluTs shcuild be able to iiuerpret and appl\ criteria 
for ditterent levels t^f pupd dev eU^pnient in in\ estit;ations. 

litfh- • 3 hours tor the student teaeher tt» read the in\ estigati(»ns and 

ctHUpile a report 
• } hour discussion with mentor 

I he deseriptitHis t>f' the ten levels of dev elopinent tor investit;ational skills 
ni Science in the National Ciurriculuni requn^e interpretation tor persona! 
application. It is not ininiediately obvious what a given level of pertorniance 
vvi>uld look like v\ hen translated into the context of a particular investigation; 
It requires experience and judgment carry out the translation. Student teachers 
can be helped to develop that experience and judgment by going through a 
sitting and sortnig exercise st^ as to compare their intuitive judgments against 
the dcscriptiiHis given in Science ni the National Clurricuhim. Through this 
experience ot hk^king tor similarities and difterences. student teachers can 
tiieii tune their judgments to the levels of dev eloj^ment in Science in the 
National C'urru uluiii. 



• Pri»vide the student teacher with copies i^t'the in\ estigatu>ns of at least 
one class ot pupils. It will be useful to have more than iMie investiga- 
tion across ditterent vears it' possible, ideally Year 7 jud Year II, so 
as to see progressicMi between cohorts as well as tlitferentiation within 
a colu»rt. 

• Ask the student teacher to write a hriet' repi»rt iMi the variatuui in the 
pupils' investigations using the level tles(.riptu»n> for Scl as a guide. 

• I )iscuss the rept»rt with the student teacher. 



\\^ carry out investigations. pupiN will neetl ti» use their knowledge aiul 
ci»giiitiv e pi i»cesses. I hese tleveK»p ami change as pupils have more aiui wider 
experieiue in -Lieiice education, i.e.. theieis pri»gressi(Mi. Perlormaiue (Mi anv 
'Wie mvesiii^.ui( »ii lequlu^ a i on ibiiial ion ot\(Mi(em knovvK\hi,e and pn>ie^^ 
skills. I his miimate mi\ ot coiiteiil aiul prtness m.ikes the estimation ot anv one 
pupil's level of tievelopmenl tioiii a single iiivestig.iiion (W'tiubuuis leliabilitv. 
A iiuMe reliable a^sess|^elU ot anv v'lie pupil's level of tlevelopnieiit can be 
obtametl In lookiim at a pupil's peitoimaiue across seveial mv esiigalioiis. 

.V.V 
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5,4 Pupils' Development of Investigational Skills 

SttuU ut l\\h-hc) Bn^'f 

FupiN make progress in tlicir kno\vlcd^;v- aiul co^niti\o skills durint^ the 
tiHK- ofiheir cv»iu}uiUor\ schooliiii;: .he product \\m " pupd will 
not be the s.nne .is that ot\i pupil ir. Year 11. In investigatory work in 
sv.-ieiKe there i^ proi;reNs m pupils' pertorniaiKvs and this progress can be 
eharacteri/ed in difterent v.avs. Ihc ten le\ol scale ofthc National C^ur- 
rieuluni is one \va\ of attempting to eharaeierize this pupil progress. 



You should be able to interpret and appl\ criteria tor ditVcront levels ot 
pupils' development in in\ cstigatioiis. 



C ollect together pupils' reports on their in\ estigalioiis that are 
pro\idod b\ \our mentor. Take them to .i room where you can 
spread them out on a bench. 

Sit't through the reports ,nid see what ditVerences you notice. 
1 his is a- matter of looking for differentiated outcomes. I ook tor 
qualitati\el\ ditVereni teatures. W rite descriptions of these tea- 
tures m the pupils' nuestigations. 

Consider \our descriptions and decide il'thes can be raiionah/ed 
into a snnpler scheme that retlects some progression m pupiN' 
iiuestigational skilU. Uearrange \oui descriptions into a simpler 
sLheme if possible. 

Sitt and sort through tiu' leports .igain. lor one of the descriptions 
arrange the pupiU* reports on a bench in order ot progression. 
S.imple .id).icent reports and mo\e them ti^ other places in the 
seijuence if vou change vour ludement. .Make a note ot the tmal 
oilier \ ou settle on. 

1 iirii th.e desuiptuMis of the ten le\els of de\eh»pment tor 
in\estig.itions m Science m the N.itional rurruulum. l uid de- 
suiptions th.it relUM \<Mir anient concern. Ue.ul through them 
I .11 v full\ . 

U.'turn t<^ the pupiN* imestigation reports Lud out i^n the bench. 
I M the desu iplions of tlu K \ eU of de\ elopment tiouiStu iue 
m ihe N.itional C uiriciilum to relocate the pupiU' nncsiiga- 
lioiis into a stqiiLiue that lelleci-. the pK'gression m the le\els 
of development. Nv^le down this ordei . 

C oiiip.iie the tiist ouleimg <»l pupiK' ni\estig.iiions. ai cording 
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to tlu' qiKiliLinvc ditVcrcncc> th.u \ou first noticed, w itli tlic order 
produced ill cousidcrini; the levels of de\ elopiuent in Science in 
the Nati(»iuil C'urriculuin. I-ind the work ot' pupils th.it occupy 
ditUTcnt pKices in the two sequer.ces Re-re.id the pupils' work 
.uid reconsider your judgment. M.ike a '.lotc of why there was a 
difference. 

• Repeat this exercise with other qualitati^e differences that you 
first noticed. 

• \X"rite a brief rep{»rt on assessing the level of' de\ elopnient of a 
pupil's investigation. 

• Discuss your report with your mentor. 



5.5 Raising Pupil Performance on Investigations 

Mcu(oi\< liru'f 

(>/;/Vif/rf • Student teachers should be able to use the technique of shared 
marking standards with pupils so as to raise the level of their 
perU>rmance t>n investigations. 

^ '^''^ • hours tor studeiu teacher marking pupils' investigations, writ- 
ing annotated version iW' the mv cstigalion and working with the 
class 

• 1 hour discussit»n with mentor 

Pupils can improve their pertormance when they know what thev are ex- 
pected to achieve. In the whirl of practical activity and investigations, student 
teachers can sometimes fail to articulate publicly what they think privatelv and 
the pupils are left to guess. This activitv is intended to provide the student 
teacher with a pupil activitv that publicly rehearses the standard> to be at- 
tained. This concern is paralleled in (»the:- activities: activity *).4. on cognitive 
deveh^pmcnt. and on differentiation, are concerned with raising levels of 
pupils' perf(»rmance. .Activity l(i.4. which enctnirages pupils to write their own 
questuMis, inv(»lves sh.uing assessment criteria and judgments with pupils. 

• hisiuss with the stiuleni teathei which class aiui whuh invcstig.itKui 
vv(»ukl hv appr(^priate for this activity. 

• Review the student teacher's Icsstm preparation and annotated account 
(»l the investigation before the lessen. 



• I caiii-tcacli tiic feedback .atnity w itii llic .student tcacluT t.ikiiit^ the 
lead role. 

• l>i.scus>. tlu' lesson with the student teacher. 
l)t<(ii><iofi points 

Ueliabilitv t>r marking will be one ofthe issues which is likely to emerge with 
the pupils. This is dilTicult tor pupils io grasp and they may need reassurance 
from vou in order to accept that uncertainty in assessment is natural and not 
just the 'fault' ot'an inexperienced student teacher. With the student teacher, 
decide what should be done to build upon this work. 

5.5 Raising Pupil Performance on Investigations 

Studi nl 'l\\h}u'r\< Uriel 

Marks or grades gi\en on perrormance provide pupils with an indi- 
catuMi of how well they are n >ing w ith respeet to the standards set by 
the assessor t»r marker. Howe er, the marker's standards are not auto- 
maticalK transferred tt> the pupil upoii iweipt of then- marks, i he pupils 
onl\ know that the\ ha\e not reached the maximum le\el expected. I he 
pupils alsi' need to know what the niaxinunn le\el looks like in terms 
of then- expected behaviour and output. To transfer this kntiwlcdge to 
tlie pupils requires a deliberate sharing of standards betw een pupils and 
teacher. C ^ne w a\ of aehie\ ing this is to get the pupils to mark their ow n 
work s(» the\ can compare the marks the\ would ha\e gnen themsebes 
with the marks the teacher gi\es them. 

( )hjmn \ 

N*ou slu'uld be able W use the technique ot'sh.ning marking standards 
w ilh 'pils so as ti> raise the 1e\e! of their performance on in\ estigations. 

//jwnn tiofi^ 

• 1 )is(.uss. w ilh \our mentor the best time to work w ith pupiN 
who ha\e lust done and wniien up an in\ estigatu»n. 

• Mark their work but keej^ sepaiate n(»tes ol'\our de(.isuHis; dt^ 
no{ wt iie on the pupils' bo(»ks. 

• W iite \*»ui ow n .u ( ount nl'the nr. e>t nation and add some i cm- 
ments abt^'it the niai king. 

Ihe woiksheei lor pupiN, Mleating saucepan m\ estigation" showii be- 
low , was written In adapting the wiitlen account of one pupil to bring 
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out >oinc kc\ points in order to take t>ther pupils a little further m their 
iii\ est!t»atirit». l-or example, the two \alues ofteinperauire were adjusted 
{o be sht;luly different so as to i;i\e an oppurtunity to discuss the sig- 
nificance of small differences and the necessity to repeat readings in 
i»rder to check on reliability. 

• Before giving back the pupils' aecounts. gi\e out \"our own 
account and discuss the marking with the pupils. With the 
example shown below, the pupils had their own \ ersion of the 
national curriculum and were able to check the marking deci- 
sions against what their \ ersion said. 

• Return the pupils' accounts and ask them tL> mark their own 
work in the same way. \vu could ask them to clo this pairs 
and to eheck their decisions with each other. 

• VC'hen thcN ha\e done this, you may tell the pupils the mark or 
le\el w hich \ou ga\e t<> their w ork: indeed, the puj">ils will prob- 
abl\ ask for it. I'lu're will be some differences ot' opinion and 
these proxiile the ke\ learning experience for the pupils as the\ 
rc-ailjust their perceptions of what it is they must do to achie\e 
a goisd mark. 

• Piscuss \our experiences with \our mentor. 

Some oi the differences in marking can be accounled for b\ explaining 
that \oii tov>k into .u Count not only w !uit the pupils had written but also 
what \ou saw them do and heard them sa\ as the\ were doing the 
in\ estigatit>n. Ihis can be rewarding for those w!u» worked well but 
did not inan.ige to put it all down on papi'r. It can be a salutar\ lesson 
tor those who mess(.'d abuut or copicil hom their partner during the 
in\ estigation . particular!', it" you ha.d o(.(.asioii tt> speak to them about it 
.11 the tinie. N'ou can l eimiid them of this when \ou tell iheni the mark 
or le\ el \ ou ha\ e gi\ en tlu'in. 

\"ou slu>uld explain to the pupils thai the mark which will bi" us(.'d 
tor reportim; |Hiipt>s(.'s at the eiul ot'the \ear will be arrixeil at In a ci>n- 
sideration i»t all the !ii\ estigaiuMis w huh the\ ha\e done. Ihis pro\ides 
an oppi.rtunit\ to deal with some issues (>f ieliabilit\ . Ihe pupils will 
know thai tluw d<» belter on siuiie occasions than on others aiul nu»st 
ot tiiein w ill atLL'i^t the nei'cl (o use the results vit' s(.'\ eral m\ estigations 
m order to smooth luit their lliictuations in pei tormance. 

It w ill be loo time-consunung tv^ do this kind v)t"analvsis w iih e\ er\ 
in\ esimatHMi tlu' jMij^ls lK». but \ ou shoukl tlo it at least twice in a term 
.iiui \ on shraiKl eniouiagi- the puj>ils to do it (oi tlieiiisL b es at othei 
iniiL's. shouKl exftlam to the puj^iN ihat tlu'\ should alwa\s Ku^k al 
wa\s ot'impnwnig their own work. VC'hen the\ do their next nnest- 
lealion. remind theiii of' w hat the\ did last nine and tell them lo il<» it 
again. 



Heating Saucepan Investigation 

The Investigation 
The problem 

Will wMtcr boil in .\ aMitaiiicr at a iiii»hcr 
tcinpciaiurc witli llic lul tiuin witii tiic lid 
off? 

Hypothesis 

I tliink tlu' water will boil at a Iul^Iut 
tcinpcraiiui' with the litl on because the lid 
W'.ll preveiu li^ss ot'heat b\ loiu ei tuiii. 

Plan 

L'sc two beakers wlueh are the ^aine. 
Put the same aiiuuiiu ot' water lu each. 
Put a lid on one beaker, hi il the water and 
lake (lie temperature. 

I ea\e the hd off the oilier beaker, use tlie 
s.nue Hun>en tkune. bod liie water and lake 
the lenipeiature. 



Apparatus needed 

2 In-akei ^ I'l ipod 

1 hernu^netei' XX'ire uau/e 
Hun>en huiiier Heat-proof mat 

ardboard to make lid tor be.ikei' 
l-.ve L;ot;t;ks 



Comments 

PLANNING 

The problem is 

posed in the ft>rm ol 
a questitMi. At the 
end I should be able 
to see m\ answer to 
the questit>n. 

Hypothesis: I can 
sa\ what nui;ht 
happen and give a 
seientific reason. 
(I e\el S) If i did not 

e a reason, it 
would be a 
prediction, not a 
lupothesis. Not 
eiuHiv;h in this 
iiu estiu,ation to 
make il I e\ el 
Plan: Usinu the 
same beakers, same 
amount ot water 
and same lUins(.Mi 
flame makes an\ 
comparr on between 
llie beakers (air. 
(I e\el S) 



Apparatus chosen. 
I Vvi^\ ided the 
apparatus is used 
properK and 
ac(- urate rc.idine,s 
taken. thi> w ill be 
I evel 



V\ UM)UM1M» 

More int(»riiialion is 



1 he investigation 

I lIuI ihe iiuestii;alion as deMiibetl in the pl.in. needed about how 
I made a hole m the laidboard liil so that I ihe same amount (^t 
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The Investigation 

(com,) 

LH^uld put the thermometer in. I let the water 
hoW for about 1 m unite before taking the 
temperature. 



'I'he results were: 

With lid 
Withcait hd 



1 emperature 

99. ox: 



Conclusions 

1 think there is no real difference in the 
readings, therefore the temperature is not 
higher with the lid on. 

If there is a difference, it seems to be \ery 
small so I should have taken more readings 
t)\er a U>nger period t)f time. 

1 have since found out that the temperature 
of boiling water will increase if the pressure 
increases — as in a pressure cooker. The lid 
on the beaker did not keep the steam in and 

the pressure did iu>t increase. 'I'lie lid on a 
real saucepan might be heavy and a better fit 
so the temperature might be higher with the 
lid iMi. 



Comments 

(conr.) 
water was measured, 
what size beakers 
were used, and how 
much water was put 
in them. This is 
about Level 4 at the 
nvjment. 

Used the apparatus 
correctly (Le\'el 4) 
and made accurate 
readings (Level 5/6). 

INTERPRETING AND 
EVALUATING 

''1ie conclusion links 
the results to the 
original question. 
(Level 4) 

'I'here is a good 
evaluation of the 
investigation. A 
suggestion is made 
about how to 
improve the 
in\ estigation. 



There is a link to 
other science, i.e. 
pressure and 
temperature. fLe\el 

U) 
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Communicating Science 



Aim 

I tMining science iiivoKes learning the languages t>f science. Scientists listen to 
cacli tuher. speak, read and write to each other. They also communicate ideas 
\u pictorial and diagrammatic form, tables and graphs. It is.easy to appreciate 
that a language of words has a grammar and vocabulary and that specialist 
fields, like science. ha\e ways of using language that arc peculiar to them- 
selves. Ii is less obvious that there is a vocabulary and grammar of graphs and 
lirawmgs. One has to learn to 'read', as wrll as learn how to 'write', drawings 
and graphs. I his is particularly true in some branches of science with their 
idiosviRiatic diagrammatic coiuentions. Student teachers can forget this and 
ma\ see drawings as being self-explanatory. After all we often turn to diagrams 
when words fail us. The aim of this chapter is to help student teachers: 

• to recogiii/e the impt>rtant different modes of communicaticMi in the 
learning of science; 

• to iiKMiittM- their ovvn communicatitMis in the classroom; 

• ti> increase their effecti\e use of comnumication skills. 

Introduction 

How do you get to kiu^w what is in stHueone else's mind? The choice ot 
strategies to obtain this information is rather limited. You can ask them to 
do st)mcthing. to tell yt>u st>mething, to write it dcnvn or tt^ draw a diagram. 
Suence education makes use t>f all these nu)des. We ask pupils to do experi- 
ments, we discuss ideas with them and give them texts tc^ read that include 
tables, charts and diagrams. We ask pupils lo write and to draw their own ideas. 

Hy asking pupils tt> tell us what they mean, to write it out in their own 
wonis, or to show us in a diagram, we are attempting tt^ get the pupils to 
make public what is otherwise private. Only when the ideas are public can 
teachers then start \o think more carefully about how thev can help pupils 
develop then mental models for the natural phenomena being studied. The 
use of tl..' term 'elicitation' might be preferred t»\er the use of the wt^rd 
\ptestionmg' m this ctMitext. Science teachers need tt) elicit: to get pupils to 
make their ideas public. Public ideas can be shared and discussed, agreed, 
.imeiitletl or abandonee!*. 
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Httccti\c ct)nHiuinicatit)ii is .1 twt^-way street. This is true tor coinniuni- 
f.ition ill seieiuv educdtitMi tot^ just as teachers need to find out what pupils 
tluiik so, tiu), pupils need to find out what science teachers, or scientists, 
ihnik. Science teachers have a pr(>fessi(Mial responsibility to monitor their own 
conuuunication skills and to iniprcue (heni consciously and deliberateU . 
Acti\ity (>.l starts with boardwork: student teachers are asked to use the 
chalkbturd, or whiteboard, and to practise their board skills, both diagram- 
matic and written. It is important they do this in ad\ ance of teain-teachint; 
parts of lessons when they will already need to ha\e some basic skill. Student 
teachers' t^ral presentations are no less important than their use of the board. 
Ihesc are also touched on in acti\ity 4.3, ^Hxplanation at the bojrd/OHI^V 

Acti\ity ().2 focuses on aural/oral work and discussion. The emphasis is 
on discussKMi and the elicitation of pupils' ideas. There are techniques, associated 
wit;-, managint; a whole class discussion, that may traditionally have fallen 
under the headini; of "questioning techniques'. Much of the ad\ice gi\en under 
that heading is still \ery rele\ant. Here, with the emphasis on elicitation rather 
than questit>nini;, the purpose ot'sharing of mental models is stronger than the 
purjUKc of finding t>ut if the pupils know the 'right' answer. 

Textual materials can form a substantial part of the resource teachers 
draw upon in helping pupils learn science. Acti\ity fv3a is concerned with 
retiecting on such materials and their use with different groups of pupils. 
\X'ritnig is undouhtedlv more ditficult lhan reading. An ad\aiuage of llie w ritten 
o\cr the spoken is that pupils can review . e\aluate and reform their written 
w ork before deciding that the final text is a correct account of their thoughts. 
With acti\ ity 0..^b. student teachers are in\ ited to increase the range of w riting 
tasks they set pupils. This will iiuolve familiarization with a short menu of 
ditferent styles of' writing task and student teachers shtnild use these different 
lornis tor pupiN' writing aai\ities, so thev can evaluate how successful thev 
may be in different contexts. 

.'\cti\ity f>.4 tt>cuses on coitimunicatit>n in U>rms t>ther than text. Ciiaph- 
icaK pictorial and numerical data are considered. The acti\ity in\ol\es shar- 
ing perceptions of the student teacher's heha\ iour between the student teacher 
and an observer. These obser\ations can be structured bv using the >uggested 
nuentories. 

In aciiMty ^kS, Student teat.hers are asked io prepare written resources 
tor use with pupils. This is an oppoiumitN to draw together a wide range of 
diKnent bits of knowledge and skill and should be incorporatecl into activitv 

Boardwork 

()hji\ni'i- • I he studeni teicher shoukl be able to use the hoM\\ [o maxi- 
mum effect. 



Time • WluMi rtitMiis arc tret' cUul student tcathcrs can pratiicc. 

CtiM\ bt>ardvvt)rk is one of the lialliuarks ^ood icaclKM'. 'I his is prob- 
ably because the orderly mind of the got>d teacher is given expression in the 
t»rderly state of their boardwork. I'hcre may be a reflexive cause and effect 
in that trying to produce good boardwork will force the student teachers to 
order their tht>ughts and activities. 

hi<niiiiion.< 

• Suggest to the student teachers a topic that Is imminent in the prt^- 
gramme ot" siud\'. 

• lell them to practise both diagrams and text at a chaikb(Mrd or 
whiteboard. They should use rooms that are free, or work before or 
at the end of the school day or durmg lunch. 

• After a few days ask them to show you their boardwork. 

• He prepared lo t^ffer feedback and advice. 

Usmg different media requires different approaches. The chalkboard, or 
whitebt»ard. is not the same as the C)l IP or prmted page. OllP work requires 
its own techniques that are not simple extensions of boardwt>rk. Ihis warn- 
ing IS impiMtant. Cienerally pet^ple abuse the Olil^ by writmg too much, in 
ttw> small a hand, thereb\ negating one of the significant advantages of the 
CM IP: the opportunity tt> change frtMii one C )l I f to the next instantly. Word- 
processed OH I s are best kept to seven lines of text all at least of 24 point 
■fimes bold. An\ thing smaller is unreadable. It is an insult to the pupils to 
sav. *l kiu^vv you can't read this but . . .' The general rule is that if it can't be 
leatl from the back of the rt>om dtm't use it. OH Is can be used effectively to 
present information that is nested: where the first OI 1 T displays the major 
lieadings that are then discussal m detail in a scries of subst'quent Ol l i s. The 
first OU T can be returneel to at regular intervals to act as a signpost f(^r 
progress thuuigh the preseiitatiiMi, ON I s tan be prepared in advance. Co(k\ 
boardwork is nu>re demaiulmg on performaiue skills. 

Boardwork 

Ciet lo kiu>vv viuir board: it is your most valuable tool. It vv ill enable \ou 
to make the nu»st complex topic simple, flunk i>ut vour boardwork in 
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.Ri^:^Kc. With the board you can structure the pupils' couccpis as vou 
siruciurc your presentation w ith headint;s, sub-lieadings, asides and illus- 
trations. With the chalkboard you can start a lesson quietly even though 
the pupils ha\e conic in all hot and flustered frtMU games, dance or 
drama. I hc chalkboaid will enable you to bruig the lesson to a timely 
and orderly close as pupils copy down a summary tor, 'What we have 
done toda\* and their homework. 

( )bji'Liivi' 

• You should be able to use the board to maximum effect. 

• Your mentor will suggest a topic that \ou can work on in terms 
of board work. 

• WMiene\er you have some free time, between lesson obscrvati^Mi 
sessions, at the end of the school day, find a free room and 
practise your boardwork. 

• Start with written text. Adopt a style that you are comfortable 
w ith. 

• CJo tt> the furthest point in the room and check th.it pupils sitting 
at that point w ill be able to read your writing. Do this when \\m 
are working with the pupils too. 

Generally stLident teachers make the mistake of w riting w ith tot) 
small a hand and w riting too much on the btjard at any one time. 

• When \iui have a hand that can be read from all points in the 
room turn your attention to the laytuit t)f what you are writing: 

Consider how best to use headings and sub-headings. 
Which information could go in boxes for highlighting. 
If you have a wide bturd should you write in columns? 
I low many? 

• ( (Misider the possibility of partitioning the board st) vou Ikivc a 
secti(»n tor text to be copied as best and a sectit>n tor developing 
diseussioii points that arise. 

• (iet into the habit i»f going to the back (tf the room when one 
frame of work has been ciMiipletcd. This is a time when pupils 
will be topvmg and \oii c.ui check on what lhe\ tan see. It alst» 
helps to pace the activity by iu)t moving on too rapidly. 

• I rtMu the same topic, pick a diagram that vou may wish to have 
on the board. 1 )ravv it up on the ln>ard. 




• Ai;.iin i;o ti) the back ot'tlic rcuun to st-c how it looks fvom tlicrc\ 

• rhiiik about tlic use ol: 

colour 
labcHing 

layout and dcsit^u. 

• When pupils arc copying from the bt^ard and you have fuiished 
writing, do not talk until they have fuushcd copying. 



6.2a Eliciting Pupils' Ideas 

Manor's tiricf 

Ohicifirc • Student teacheis should have the skill ' help pupils articulate 
their ideas whilst they are doing practical activities. 

I'inu' • A hour for student teacher reading, one lesson in which to carry 
out the activity, plus about '/4 hour for discussion with class 
teacher 

• '/■ lu)ur discussion with nienttM'. 

liiuhx^rotiftii 

C^uestioning a small group oi' pupils is less stressful than woi king with the 
vviioie class, where classroom management cm get in the vvay of developing 
effective questi(»ning. I'eam-teaching whole class practicals provides an excellent 
opjH)rtunity for student teachers to gain skills and confidence in eliciting pupils' 
ideas about what they arc doing and why. In this activity student teachers 
need to pay caretlil attention to their own forms of words and how to make 
elicitatu>ns more open. Such an activitv cm also be salutary, h is easy to allow 
puj^ils to be active in the sense th.it they .ire dicing things, but nevertheless for 
little learning about scientific concepts to be taking place. 

• Select a lesson in which the student teacher will be able to tcim-teach 
and work with a small group of pupils who will be doing practical 
work. 

I his at.tivitv should be tarried out in ton)uiulion with attivitv 4.2b. 
\ lass pratticals*. 

• An.mge lor the stutlent teacher lo tiiscuss the pl.m of the lesson with 
the te.ichei . 



• Help the student tc.ulicr to pLui Miitablc questions to ask pupils dur- 
ing the praetieal aetivity. 

• Arrange for the student teaeher to share pereeptioiis of the pupils* 
ideas with the teaeher. 

• Piseuss the student teacher's questions and how they might be 
modified. 

(ietruig pupils to explain their ideas ean be \eiy ditTicult for student teaehers. 
I lie emphasis ot" your discussions w ith the student teaeher should be on the 
form ot\|uestion that enables the foeus i>f pupil talk to move from describing 
what they are doing, to explaining: and from monitoring the practical activity 
ti> developing pupiN' scientific thinking. 

().2a Eliciting Pupils' Ideas 

Sfiiih nt I \\hlu r'> liiicf 
Science practical activities may involve the t'ollowing stages: 

• Proposing a lupothesis. or asking questions. 

• Making a plan to address the lujiothesis or questions. 

• Putting the plan into practice b\ making measurements or 
observj.tioiis. 

• Recording the measurements or observations. 

• Manipulating the data collecting to reach a conclusion. 

• Evaluating the adequacy of the experiment. 

cMten practical activities are relatively closed and the teacher has made 
decisions about wluit to investigate and how. This does not mean that 
the practical activities cease to be problematic for the pupils, i'or the 
.ictivities to have meaning, pupils need to know why the\ are carrying 
out the practical auivitv m that vva\. 

N our role in the team-teaching will be to work with groups and to 
.isk questions which en.ible \ou to elicit the pupils* ideas about the practical 
.utiv it\ . N'ou vv ill need to find forms of words that vv ill encourage pupils 
to articulate their ideas. 1 he example below illustrates the types o\ ques- 
tions ih.it can be asked at difterent stages ot' practical activity. 

N ou should have the skills to help pupiN aitiuilate their ideas whilst 
thc\ are doing pr.ictital .lUivities. 




• IUmcI thrtuiiih tlic example below. 

• riiul out troni the teacher what the praetieal activity will be. 

• Ask the teaeher to suggest two rather diftereiU groups to work 
with. 

In the practical part of the lesson ask groups of pupils for their 
ideas. 

Work back aiui forth between the groups systematically. 

• Immediately after the Icssoiu try to write a dcscripticMi of two of 
the groups that you have talked to. summarizing their main ideas 
at the different stages of the practical activity. 

• niscuss vour perceptions of the pupils' ideas ot' the practical 
activity with the teacher who took the lesson. 

• Discuss with your mentor how you could modify \ouv ques- 
tinns to help pupils develop their ideas. 

/ :AtHi»/>/f 

A practical activity ofteti carried out by pupils ni ^'ear S involves heatnig 
a varielv of substances and notuig whether the\ ciiange permanentK . 
change teniporariK or do not change at alK The main idea ot'the activity 
is to intioduce pupils to physical and chemical change. The sorts ot 
questions that the teacher can ask the pupils related to the different stages 
of the experiment are: 

What do \ou expect to happen" 
fell me why- 
Do vou expect them all to behave in the same way? Why? 
When vou have seen other materials being heated did the\ all be- 
have in similar ways or were there difterences? 
What were the tiifferences? 

Now 1 kiu>vv what he thinks (addressed to a second pupil), can von 
tell me what you think? 

I ell me how viui should hold the test-tube vvhiNt heating: 
Wh\ does it matter? 

Whv are vou using this kind ot" Hunsen t1ame? 

Di> \iui (addressed to a second pupil) agree with that? whv- 

What do vou see- 
.\nv thing else: 
What do \iHi hear* 

What has happened io the solid at the bottom ot' the tube? 
What about tin (her up the tube? 

I to I 
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How is this; different from other substances that you have heated? 
Wliy do yt)u think thdi 

How will ytni rect>rd your results? 

leil me why you have decided on that way 

What will you write down? 

What will you (addressed to a second pupil) be writing? 

What patterns can you see in your results? 
Which substances beha\e similarly/differently? In what ways? 
Why do you think that some substances change permanently? 
What is happening to them? 

Why do you think that some substances change tempc)rarily? 
Is there anyone who di>agrees with that? Cm you tell me why? 

How could you improve the experiment? 
What would you like to investigate further? 
Tell me how would you gc> about doing that? 



6.2b Sharing Ideas 

A /if I fin's thief 

Ohjciiire • Student teachers sluuild have skills in sharing ideas in class by: 
framing questions appropriately 
Distributing questions around the class 
I'eeding positive comments back to pupils 
Using eye-contact and positive body language. 

7V//if • l-or the student teacher: spread over several weeks in prepara- 
tion for team-teaching, teaching and feedback 
* ()bser\ation and feedback, oral and written, for the mentor or 
cl.iss teacher 

Student teacher^ cm find it particularly difficult to develop effective questitMi- 
ing skills, in this particular area the differences between novices and experi- 
enced profession. d teachers c.m be striking. Noxices exhibit th( fallowing 
t hai a(.lcristHs: 

• I hey .ire more ctMicernetl .il'Jout tr.insmitting iiUorm.ition tt» pupils 
and less aware of the need to monitor pupils' learning. C'onsequently 
they tend to tell the jnipils too ninth .uui do not .isk enough qucstic^ns. 
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• Mosx questions tend to be used to elicit short responses wliieli are 
mainly factual recall. Pupils have fewer opportunities to explain their 
ideas. 

• hi novices' classes, pupils seem to get the wrong answer more often, 
and student teachers tend to be less adept at accepting an incorrect 
answer or an unclear answer and getting pupils to expand on the 
answer and explain their thinking. 

• Their management of questioning sessions is less well controlled: rules 
for answering questions are less clearly dehned and questions tend not 
to distributed around the whole class. 

Like riding a bicycle, helping pupils to share their ideas requires several teacher 
skills at the same time. Eiven though bicycle riding skills can be separated 
analytically into balance, confidence, motion, they cannot be separated prac- 
tically. The same is true for helping pupils share ideas. Four questioning skills 
are identified in this activity: framing, distributing, feeding back and using 
body language. Effective questioning involves each of these skills at the same 
time. 

At this stage in the student teacher's development, an observer is needed 
for each lesson. The information about these skills must then be fed into the 
student teacher's planning for later lessons. When using a new skill, teachers 
sometimes use it effectively at the beginning of the lesson, but then become 
ahst)rbed in other aspects of running a lesson and forget to use the new skill. 

liKirndiOHs 

• Select lessons for the student teacher to team -teach where the student 
teacher has to use elicilatitMi skills for the sharing of ideas. Combine 
this activity with activity 4.2c. 'Demonstrations with questions and 
answers*. 

After the lesson you. or a colleague who has been watching the lesson, need 
to provide the student teacher with oral and written feedback (refer to the 
notes 111 Clliapter 1. .^ction ^: Debriefing). 

• I'irst the observations are fed back to the student-teacher. 

No value judgments are made at this stage; this stage is purely 
descriptive*. 

• Next the stucieiit -teacher is a^kecl to reflect on his/her own per for in. nice. 

• 1 mally the discussion focuses art)und the niosi appropriate style of 
questioning. This will vary according to the pupils being taught, what 
is being taught, how it is being taught, etc. There is no single best 
way c>t' questii^iiing. Often, lu)vvevc*r, there are better ways. 

-I I. • 
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When the studcnr tcichcr hds progressed to teaching eotnplete lessons it wi 
still be useful lo provide teedbaek on their questitniing skills. 

6.2b Sharing Ideas 

Reseaieh shv)\\s that pupils' ideas are seldom congruent with those ot' 
the teacher. It would be naive to think it could be otherwise: for pupils 
are pupils preciscU because tliey do not know what the teacher knows. 
L'sing eliciiation with pupils allows you to bring their thinking intt^ 
tlie public arena where it can be .shared by others. If one pupil thinks 
something, it is tpiite likely that others will hj\e similar ideas. 

\ t>u should be able to use the folU^wing skills with oral ehcitatioiis 
in class: 

• I raming questions appropriateU' 

• 1 )istributing questions around the class 

• l"eeding positive comments back to pupiN 

• I-'nIiiu eye-contact a!ui pv>siti\e body language 

l}\>i)\ii f/lVl.v 

• \"our mentor will a>k \ou to te>im-teach parts of lessons that 
in\ oUe denionsttations or explanation-. 

• Refer tt> acti\it\' 4.2 on managing explanations and demonstra- 
tions. 

• Read the follow ing notes before planning \ our part in the lessons. 
I here are three (.omponenls to j^lanmng before the lesson: 

• CivMls 

• Starlnie, poiiiiN 

• Routes. 

He clear on the main ideas that \ou wouKi hke the pupiK to kiuw\ and 
use M the eiul i*f the lesson. Have ta(.tics tot fnuiing out what pupiN 



.i!rcacl\ kiunv and can u^c. C.^Misidcr tin.' scquoiuc in which yt>u inii;lu 
tlc\cl(>p tlic sub-topics. \\m will need to tliink how you can break 
questions down into simpler questions t»r liow ytui can replirase tliein 
it' pupils fnui them ditTicult. 

The toilowini; techniques can he useful in encouraging pupils ti> 
contribute: 

• lia\e a stimulus that pt>ses a problem; 

• When pupils gi\e answ ers you can encourage them to talk more; 

• Cii\e the pupils enough time to think; 

• K(.'ep a written record of pupil nu oUement b\ extracting some 
key words trom a pupil's answer and write them on the board; 

• Keep \our focus b\ making the question and answer sessions 
relati\ ely short. 

If \i>u want (o discuss the factors affecting }ilant grow th you could begin 
b\ presenting the pupils with t\\t> sets ot' seedlings, one of which has 
been grown m a dark cupboard and one which has been grown b\ a 
window. Ask the pupils what differences the\' notice. I'his allow s all the 
pupils to be immediateK engaged, hollow up by asking them why they 
thouglit there were these ditTerences. Ask. AX'lu do \ ou say that?" or, 
'C"an \ou exj^lain a bit more?* Repeat the last sentence that the pupil has 
said and pause to encourage elab(>ration. Sometimes teachers ask a ques- 
tion: |\uise; wait for jnipils to put up their hands; repeat the question; 
and wait a bit longer beftue asking a pupil tt» gt\e an answer. Ask other 
pupils tor their ideas on key words written tMi the board. Ytni can als(> 
use these in a sunimar\' ,iiui it adds \alue to pupils' contributions. I en 
minutes witluuit a break is jMt^babls long eiuuigh tor most classes. 

1 lie .mn oi" distributing questions around the Jass is to in\ol\e as maii\ 
pupils as pi^ssible in at.ti\e participation in the lesson, .\spects to C(M]- 
sider (Ml maNiim/mg participation are the tollow ing: 

• 1 he mles that \i'U establish for answering questions. 

• liie ph\si(.al |u>siti(>ii of > pujMl in the (.lassiocmi. 

• VClicther the jMipil is tdei:^ fiabl\ from s(Mne gituijv bo\s/girls: 
w orking class 'middle class; elliiiu origins. e\lio\ ei t ^w ithdraw n. 
and su nil. 

! he tt'llownii', atc' usrtul in helpini'. \ou tntn-.u t with tlu' cl.iss mou- 
i vjuitabU 

• 1 ell iho pupils \(Mii lules lt>i aiisweiing (.jiKsiions. 

• 1 >ireu qiu'stKMis .ill .iround the riuun trom the start. I >o iint alKwv 
n» »-go .11 CIS i(» tle\ elojv 
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• Do fu>t ask unly pupils whose hand arc up. 

• Consciously reposition ycuirsclf aroiuul the room. 

• Ask a collcat;ue to observe you and provide feedback. 

• Operate the school pioeedures for eiiforeinu; \our rules. 

When nifrniged. as \our rules will be. repeat them. Most effective teach- 
ers do not alknv pupils to call out answers. They select pupils to answer 
questions, wait for pupils to put their hands up and then select pupils 
systematically. Be aware that the dynamics of pupil involvement depend 
upon where the teacher stands. Move dtwvn the sides of the rcHuu. 
Standing at the back can be a useful place frcmi which to direct question- 
ing. Hoys c^ften demand more attention than girls and so it is useful to 
Consider this when directing questicMis. Hven experienced teachers find 
it ditVieult to resist the pressures of some pupils. Having a colleague 
observe and discuss the pattern of your elieitations will help you to 
become more pro-active and less re-active. 

Cwr/My /\'.w'nVt' fctilhiick 

Pupils are encouraged if the\ get positive feedback. Ho sa\: 



"VC'ell done' 
"C iood aiisw er 
\lood trv' 



^'^Hl can also give encouragement by your ficial expression. One wax in 
which student teachers dilfer from experiencetl teachers is in how ihe\ 
respond to pupils' partially correct answers. Experienced teachers will 
tlo the follow ing: 

• .'Xsk pupils to rephrase their answers, or sav .i bit more about it: 

• Pick out part i>f an answ er aiul ask pupils to expand on it: 

• Kephra^e the questiiMi ami give- the pupil another (»pportunity to 
answ er: 

• .'Xsk other pupils what they think of other pupil's answers. 

1 here aie two separate situations where e\e-coniact is useful: 

• 1 )nring tliscussion scan the room and make sure that you engage 
pupils' eves. Mils has the eftl'Ct of pr(tnu^ting \our interaction 
with llu'in peisonallv. A l.ick i^t" eve toniait can lead to tlisen- 
gageiiient ami oft-iask activjlv; 

• Pupils vvh(^ are stravmg Ifom the main .utivitv (.an be shep- 
iierded back through eve-coiuact that !et^ them know that \iMi 
kiu wv vv hat's ^olng on. 



liff, 
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Yi>ii will probably need to nunc around the room to make Mirc 
that \ou niaintam eye-contact with wayward pupiU. The .small 
trouble of doing this can sa\e you a lot greater effort if you fail 
to do ir. 

You transmit a message by the way \ou stand and walk as well <is 
ihrough how you talk. Ask a colleague to give you honest feedback on 
\our body language. P.etter stilK arrange to have your part in lessons 
\idl'o-taped so that you can see how others see you. 



6.3a Assessing Materials for Differentiated Reading Skills 

.\lcnh>}'> thief 

Ohjcitit'c • 'I he student teacher should report ou the suitability of the tex- 
tual resources used in the science department. 

• 3 hours for student teachers to re\iew \arious texts and write a 
brief report 

• 7; hour discussicMi with mentor 

• Hirect the student teacher tt> the written rcst^urces used in the 
department. 

They will need to look at texts used with Years 7, 9, 1 1 and perhaps 
sixth- form texts. They will also need access to the science materials 
used to support non-readers and that for pupiN for whom Hnglish is 
a second language (I-SI.), 

• Briefly discuss the review task with the student teacher. 

"I hey might do this acti\it'-- as a prelude to acti\itv 4.4 on re\iewing 
a scheme (^f work. 

• Piscuss the student teacht r\ report. 

6.3a Assessing Materials for Differentiated Reading Skills 

Ueading is iiiipiMt.uu for pupils m science lessons. Pupils can access 
information and acli\ities independently il' they can read. Ilowever 
reading perft>i mance is not an on/off switch. Pupils can be differeiitiaied ' 
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along an extended scale according to the texts they can cc^pc with, Cer- 
tani features of text can hinder pupils' access to the intornution in the 
text. A well designed text can help them. 



( )/'/fc ffVt' 

^'ou should report on the suitabdiu ot' the textual resources used \\\ 
the science department in your school. 



• \ou\' mentor will dnect \ou to a range of texts used in the 
department. 

• Read the notes on text gi\en below. 

• Write a brief report on the department's textual resources and 
their suitability tor the pupils concerned. 



I hesc are things co pa\ attention to when reviewing textual resources: 

• The la\out and design of a text can be the most enabling/inhib- 
iting teauiri-: 

lexts with a good proportion of while-space to print are 

e.isiL'i" to access. 
1 he positioning ot" diagrams and illustrations is important 

m helping pupiN gam maxinnim benefit from the intor- 

nuition. 

Starting new ideas on new lines makes the absorption i>t 
ihose ideas easier. (What do \ou think of tlie layout and 
design in this book? Does u help you? How/how not?) 

• Si'iUeiue length can aUo change the accessibility ot a text: 

(ieneralK. ihe shoricr ihe sentences the easier die (ext is to 
read. 

ScMlences thai s(ari uilh ihe subject are easier lo read. 
1 iMiu sentences with lots ot" ciunmas .ind clauses are ver\ 
difficult and otten need re-reading. 

• flic sequrtumg ol' ideaN'sentences ^^> tlial thev folh-w tlu- chro- 
lU'lngieal tlow of acnv'n^ is helpful lo readerN 

ilesuipiions that start globalK and W(Mk down t(» detail are 
alst > easiei to \ isuali/e, 
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• ! lu' c.irctul flume i»f \i.Tb tt'nsi.'s cm nnproxc tlu' rcadabilnv 
».oiisi(.{cr.ilil\ : 

Passu c turius arc niorc ditTicult to interpret tliaii active 
lorms. 

• i lie soeabulary of seieiiee is speeiali/ed: 

Seieiue uses e\eryday words but with meanings tliat are 

different from e\er\ciay usage. 
Seientifie terms lia\e precise meanings and are often difficult 

to pronounce and spell. I Iow e\ er, surprismgly, this turns 

out to be one of the least important aspects of what makes 

text difficult for pupils. 



6.3b Alternative Writing Activities for Pupils 

' >''!'>'ni • Student te.kliers sliould know of different forms of w ritiiig that 
iiiiglit he Used lt»acliie\e different pnrjnises in science eclucation. 
I lie\ sluaild Ih- abk* to use them w iih tlieiv classes so as to 
c\ alu.ite them. 

/ ."'( • Ue.idmg lime and k*sst>ii time toi the sindent teacher 

• hour discussion with mentor 

I he iisuhs i«f scieiKc. hot hoin the laluMatt^ry . are writteii-up as papers tor 
speualist )ouiiials and confeieiKc proceedings. The torerumier of* tlie journal. 
I'etoie learned st»cieties took twer the dissemination of' their members* scieii- 
tilk miormalion. w.is the pri\ate letter. Today science is written about in 
popu'.n niaua/iiies like New Suentist and I'ocus. Newspapers of'ten carrv 
.utules that lia\e a scientific ciunponent inteipreteLi tor the general pul)lic b\ 
li'urnalists. Scientists thenisehes lia\e been kiu>wn to write songs, poems and 
'iiiuiuks with suentitu ctuiteiit. 

M iii\ sueuve leathers h.i\e made efforts to ino\e awa\ from tlie eclu^ of" 
ihi suentitu pjper liiat is fuuiid m the standard tornial of*. Aim. Apparatus, 
Method <M Procedure, Ucsults. Analysis and Conclusions, w hich had a straiigle- 
h- >Ki I'U SI luue education in the past. If'studeiit teachers lia\e not been exposed 
I" thmkuu! ibt'ut otlui loims of "wilting il is iinhkeK llu \ will tome to it 
■■j'Miit.uuoiis|\ . I his .iai\it\ 111(1 ■ 'duces ilieiii to different iiuules of" writing 
■uul lu'W tlu \ imglil be iiuoipoialed as pujMls' aili\ities ni lessen pl.iiis ,iiid 
h'. incv I w I •! k 

JL sj lO'f 
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Instrucdofis 

• Cc>llect several examples t)f different kinds of writing done by pupils 
in past scienee lessons. Ciive them to the student teacher to read. 

• Direet the student teaeher to the Programmes of Study of Science in 
the National Curriculum and focus their attention on comments on 
pupils' written work. 

• Discuss the possible rifles of writing in science lessons, including the 
role (.)f a formal scientific report, with the student teacher. 

• Ask the student teacher to select a variety of different writing styles 
to use in different scienee lessons, and discuss the value t)f these after 
the student teacher has tried them with a class. 

The discussions with student teachers should centre on the purposes and 
opportunities for learning through different forms of writing. A discussion on 
the matching of activities tt^ aims and objectives might help structure the 
conv ersation. 

6.3b Alternative Writing Activities for Pupils 

StiidctU 'i\'ii(hcr\^ Hm;/" 
( )bjCLUvc 

• You should knctw i»f different forms of writing that might be 
used to achieve different purposes in science education. You 
should be able tt) use them with yt)ur classes so as to evaluate 
different forms of writing. 

• Read the selection different forms of writing given to you by 
ycHir mentor. 

• Write down why sou think the pupils have been asked to write 
in the dit'ferent styles. 

Who was the perceived .ludieiice? 
What was the purpose ot' writinu; iti this way? 
H(nv might this activity have heliH-d the pupils' le.irnitig of" 
science? 

When, in a scheme of work, might be the best time io do 
this t\ ]K' of activity? 
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• Re\ie\v the Programmes of Study for Key Stages 3 and 4 of 
Science in the National Curriculum. What ft)rnis of writing are | 
suggested? j 

• Discuss your studies with your mentor. 

• Plan to use a selection of different forms of writing in lessons : 
that you teach. Several ideas are gi\en below. . 

• After you have used a form of writing that is new to you, study I 
the pupils' writing and decide: j 

whether your aims in using this form of writing have been | 
achieved 

whether the pupils found a different way of writing 
nH)ti\ating. 

• Discuss this with your mentor. ' j 
Ideas f(»r lorms of writing: 

• A letter lo another scientist in a different country 

• A poem 

• An account for a teenagers' magazine i 

• A TV reporter's script for a newscast 

• A limerick j 

• A diary entr\ by a scientists in the sexenteenth century ' 

• A telegram 

• An account ui 77k' Cuaniiiin newspaper 

• An account in The Satt newspapei' 1 

• A song ] 

• The script for a con\ crsaticMi in the /)>■ Who science fiction TV j 
programme i 

• i 

Pupils will appreciate being able to read one aiu)ther s accounts. You can 1 

provide a regularly changing wall display of pupils' work which will i 

brighten-up and personalize the labt>ratory and classrt)tMVi. If this acti\- 1 
it\ is taken seriously by you it can become nu>ti\ating for pupils. 

l'..\iiinpli> of pup{l>' pocuh 

• 14-\eai-nld girl starting on Sufjii'lJ (\^-oul{niiicd Siianc: 

Rock^ 
and plants can 
generously sustain out life ' 
ehemu allw It' we do not kimw 
tlu ir w oi lh it's oiH»d-lt\e 
to lite on 
1-aith 
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• U)-yLMr-t)ld boy doing separate science physics: 

Hach tinie it passed the lamp, you see, 
tlie electron ga\e its energy, 
I hc battery thought this was ratlier poor. 
The electron leturned tor more and more. 
RcHHid and round at a steady pace 
It was an endless race. 

• 16-year-old girl doing separate science biology: 

l iow can a pea 

be like nie 

genetically? 

It has t\\ t> parents. 

So do I. 

Its chionK>stMiies are rather nIu , 
they hide inside its nuclei. 
Its father's traits and nn)ther's loo 
have left it with a hue of blue. 
My eyes are too. 

• l2-ycar-old girl doing 'Minibeasts": 

Underneath the trees there is a world in itself 

Minibeasts for.ige tor food. 

Who is predatt>r and wlu> is prey? 

This is what v\e hulked at today. 

We had to stop. 

I unch was on its wa\'. 



6.4 Pictures, numbers and graphs 

.\/{ utor '< lirit / 

Objiitivi • Student teachers slu»uld be able to reflect on how they help 
pupils improve their diagraniniatic, numerical and graphical 
communication skills and ct>nsider how to amend lesson plans 
accordingly. 

htm • l<i minutes at the end of various lessons tor the student teacher 
• V'- hour discussinn with the mentor 

I he inventories in the student teacher activity here will have a tamiliar ring 
h> iLMchers who kmuv of the taxiMiomv of cognitive skills described in /\ 

/ jAi'M.'??!)' ,'/ l:dui.itie}i,il OhiiLiii'i-^: I liiUiihiU^h 1 (nioiuii, it ill., P^^^O. I he to- 
cusingon pupils' actions helps to guide the s 'lecti(Mi of learning activities. Most 
o\ {\\c actions for pupiK described in the inventories have some translation 

//J 
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CDiiiponcnt. l liat is. pupils lia\c ti> describe things orally or in written acec^unts. 
\ly telling, or writing, about what a particular mode of representation is being 
used to represent, pupils are making public, twice over, their ct>nimunicatit>n. 
Reflex i\ely. they can use the one tt^ enhance the other. 

Hy this means mathematics enters science as a way of ci)nimunicating 
information in a succinct and precise way. I'he mathematics slu)uld grow 
naturally out ot' a need to ctMnmunicate the science efficiently and effectively. 

hi <{ nut ions 

• Direct the student teacher to the inventories in the activity. 

• Check occasitHially that the student teacher is reflecting on the (Oppor- 
tunities thev are prt)viding tor pupils to deveK)p their C(Hnmunicati(Mi 
skills. 

• 1 )iscuss with the student teacher the pupils' prt)gressir>n in commun- 
ication skills. 

• Set targets for the ^tutlent teacher tt) plan more effective activities that 
develop communication skills in pupils. 

ni^ius^ion point < 

riie tiiree iiuentories prt>\ ided here can be used as a quarry ft)r behavicuiral 
objectives for pupils in working with different nuKles of ctMnmunication, 

riie work in Chapter V on l^iagetian stages in cH)gniti\e progression should 
alert student teachers to the way in which pupils may slu>w differentiated 
perfi>rmance on the items in these inventories. The inventt>rics can be used to 
plan objectives and activities that may enct>urage accelerated progression in 
pupils* cognitive skills. 

6.4 Pictures, Numbers and Graphs 

( )hjfi tivr 

• You should lellect on linw vdu help pupils inifuove their dia- 
grammatic, numerical and graphical communicatuui skills and 
consider how to amend vour Icssimi plans accordingly. 

• ( nnii^letr a ccMnmumcations ]n\cntor\ mimedi.iteU .ifter teach- 
ini; .1 K ^^o^. 

• i this \\ ith SL'\cral lessons sc) as to get a breeder picture oi liou 
\ou ate leaching. 

//.> 
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• F-iiid items in the invcntt^ry for which you are not providing 
pupils with activities at the moment. 

• CA)nsider how ytui should modify your lesson plans to incor- 
porate more opportunities for pupils to increase their communi- 
cation skills. 

• Piscuss your plans with your mentor. 

An invctitory fof ilia\^uinn}uUii lOninmnication 

In which lessons have you helped pupils to de\elop their communica- 
tion skills in using diagrams by having activities which require pupils io 
carry out the following actions? 

• Reproduction 

copying a diagram 

reproducing a diagram from memory 

• Translation 

describing a complete diagram orally 
writing a descriptit>n of a diagram 

• hiterpretation 

explaining the link between form and function or t)peration 



In which lesstMis have you helped pupils tt> develop their communica- 
I non skills in using numbers by having activities which require pupils to 
i carry t)Ut the folK>wing actions? 

• Displaying numerical inft>rmation by pupils 

selecting a suitable tabular ft)rm 
selecting suitable headings 
selecting suitable units 
ct>mpleting cell entries systematically 
completing cell entries with precision 

• Translating of information from numerical form by pupils 

describing trends in tiumbers orally 
using trends to complete tiiissitig entries 
wi iting a description of the tretids in numbei s 
interpreting the trends in tertiis of variables 

• I ran^formuig numerical data to obtain further information 

h\ pothosi/ing rel.uionships 
suggestmg suitable transtormations of" data 
cariying out transformations systematically 
using transformations to confirm hypotheses 



orally 

writing an explanation linking form, function and t^peraticMi. 



An ini'aitory for nmncriidl conimuniciUio}} 
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An ifu'cffi.'ty /t>i \^riiphuiil iO}ii}nntiii^ition 

In whicli Icssoiis ha\c you liclpcd pupils to dc\clop their (.■i)iniiuiiii(. a- 
lioii skills in usini> t;raphs by haxiiii; activities whu-li require pupils lo 
earrx v)ut the tollouiui; aetious? 

• neseribiut; the shape of a line or eur\e, pie ehart or bar chart 

pupils i^iviitg an t^ral dcsciiptiou 

pupils w riiiui; a descriptit^u lU'the shape ot' a i;raph 

• nypothesiziui; possible shapes ot'line or cur\e, pie chart or bar 
chart 

reviewing alternatives for the pheiiomenou being studied 
arguing toi- one shape, rather than another, tor the phe- 
nomenon being studied 

• Preparing to plot graphs or charts 

pupils selecting an appropriate si/e (or the units 
pupils selecting units 

pupils selecting dependent/independent variables 
pupils selecting variables 

• hiterpreting from a graph 

given an \\' value finding a 'y' value 
given 'y' value finding an '\* value 
extrapolating a graph beyond the data set 
predicting a new curve when a contrcdled parameter is 
changed, and thereby produces a parallel set of results, 
e.g. rate of production of carbon dioxide in sugar solu- 
tions of ditTcrent concentrations at different temperatures. 

• rormali/ing the relatiL>nship between the variables represented in 
tile graph in an algebraic ionu 

recogni/ing the shape t>t' the curve in terms of a general 
equation 

writing a specific equatit>n tor the graphical information 
presented 

usuig the equation produced to make a piedictitMi. 
checking the predictu>n m.ide algebraic.illv agauist the dat.i 
represented m the graph. 



6.5 Designing Text-based Resources 

Obicitivr • 1 he student teacher should produce a gc»od qualiiv text-base 
resourte lor trialhnu and levision. 
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l^inic • 3 hours for the student teacher to write a worksheet, trial, 
cxaluate 

• 'A hour discussion with mentor 

liiJihiltOHud 

Activity 3,3a consideis textual resources, DAR'l's are introduced and student 
teachers are directed to constructing DAR Ts t)f their own design. DARTs are 
particularly useful for language and concept development. Activity 8,3 is also 
concerned with textual resources. I'he focus is in terms of the introduction of 
a histt^rical perspective. 

In this activ ity student teachers can be given a free hand to produce text- 
based resources that would be suitable for inclusion in a revised scheme of 
work- This ties in with activities 4.4 and then 4.5: reviewing and revising part 
oi\\ scheme of work. I'he opportunity for creativ ity on the part of the student 
teacher and the advantage of having carefully planned activities for pupils 
can prtu idc stimulus. I'he activity has been delayed to this stage of a student 
teacher's development because he or she will, by now, have used a wide 
variety of other text -based resources and will have formed (.)pinions on what 
works and what does not. 

'I\Mchers can be rushed when writing vvt)rk sheets and the quality often 
sutfers as a result. In this activity the student teacher is given time to produce 
a high quality resource. Student teachers should be encouraged to produce as 
gt>od a quality text -based resource as the schotifs reprographics and software 
will allow. 

• Suggest the topic area in which the student teacher might compile a 
text -based pupil activity sheet. This could be the same as that f^r the 
review and revision t^f part t^f a schetne ot' vvtM-k (activities 4.4 and 
4.5). 

• Ifactivitv 3.3c was not carrietl out eariier now is aiuuher chance to do 
so. Help may be required m the technical aspects t>f word pro<.essing 
and use of graphics packages. 

• Review the text-haseti resource and suggest improvements. 

• 1 he student teacher shoulti trial the text-based resource in a lesson. 

• 1 >iscuss the trialling with the stutlent teacher, 

! he Work requiied tv> piotUu*. one giuni (.jiialitv texl-basctl lesouue is sub- 
sianiial. Stutlenl teaclurs mas apjMeeiate the usefulness o\ working as a team 
u« dcveK>]^ resources vv lun thev have carnetl out this work. 

Iff* 



6.5 Designing Text-based Resources 

^StiuU'ti! 'I cihlicr's Ihicf • 

Iliis activity provides you with an opportunity to be creative and ' 
produce text-based resources that will help you in the classroom with : 
pupils' activities. \ 

• You will need to draw upon your experience of usini; a wide j 
range of books, papers and worksheets with pupils. j 

• Reriect on what is attractive to look at'and therefore motivating ; 
for pupils - think carefully about the placement of illustration. | 

• Try to structure the pupils' activities so that all pupils can sue- i 
ceed in the earlier stages of using the resource. Think abcuit how i 
activities that come later in the text might ha\e progression built ; 
into them. Refer activities 9.4 and 9.5 on cognitive growth j 
and differentiation. I 

• If you did not complete activity 3.3c on I T and are not familiar i 
with word -processing en- the use of graphics packages for the | 
machines in your schot^L then now is the lime make sure you j 
ct^rrect that deficiency. 

()/'/V( live 

• You sluHild produce a good quality text -based resource for 
trialling anti rev ision. 

• C arry out this activity as part ot ynur work for activities 4.4 and 
4.5. 

• Review ytuir notes from activity <).4a. 

• Design a new resource or improve one that is already written. 

• Show the text-bvised resource to your mentcu- (^r aii(»ther teacher 
and ask for comments. Revise the resource it necess.iry. 

• fry out the resource in vour lesson. Revise it it" necessarv. 

• j )iscuss the trivil with sour mentor. 



Chapter 7 

Science and Knowledge 



Aims 

Most scientists would claim that a sciciitific approach to the study of natural 
phciuuncna produces reliable knowledge. But many student science teachers 
start their science- teaching careers without giving a serious thought to the 
question. *What is scientific knowledge and how is it made?' The aims of the 
activities in this chapter arc to help student teachers; 

• think about the nature of science itself; 

• think about how their views t>f the nature of science might influence 
which activities they select for learners; 

• develop strategies for organizing work across age groups and abilities 
that match selected approaches to science. 

Introduction 

Science teachers regularly ask pupils to make novel observations. Vo the iu>n- 
siientist, this appears tt> be the starting pi kc for how science makes nevv 
leliahle knowledge. A scientist's work might be interpreted as simply lot^king 
ai the natural world that little bit harder and im>re carefully than ordinary 
folk. [l(»vvever. without having ideas about what is being t>bserved, is this 
possible? lewis Wolpcrt ( is one recent commentatt^r who points out 

liial il^ ideas are common sense then they are probably not scientific, in 
activity 7 1. student teachers are asked to think abtnit whether the science 
m .1 natural )^lieiu>menon is selt"-ev ident .md how teachers manage pupils' 
observ aiioiis. 

Ill activity 7.2a. stutients teachers take a scientilic C{>ncepi with which 
they think the\ are familiar aiul reconstruct the principal justifications for a 
belief 111 Its validilv. In activity "^.^b. thev plan .i scheme ol' aciiv ities that 
couKl be usetl to leati jnipiK ilirtuigli the steps m developing an understaiulmg 
I 'I the s.ii iif 1 1 >iu I'jU . 

Stieiue iiiV(»Ives suell(lsl^ making new kmwvledge tliiough the Use oi 
prot esses (M" melliotls. 1 eainiiig sueiice has a uMiiponeiit that is abi>ul mas- 
tering these j>io(. esses of knowledge m.iking. Activiiv "".^ involves student 
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teachers in planning learning experiences that help pupils rehearse and tiicreby 
strengthen their skills in using those processes. 

Although there are many ditTercnt varieties of scientist and scientific work, 
scientists share common beliefs in tiie need to produce results that are repro- 
ducible, significant, usually explicable with stune material mechanism, ideally 
numerical and thereby capable of being used to make precise predictions. 
Activity 7.4 inxoUes student teachers considering if these aims are reflected 
in what they teach and in the way that they teach it. Finally in activity 7.5, 
student teachers are invited to complete a <.|ucstioiinaire and thereby to con- 
sider their own pcrst>nal stance tt>wards science and their opinion on what 
'doing science' and 'being scientific' means. 

7.1 Managing Observing 

Miulor'> thief 

• Student teachers should be able to use ideas irt»m their studv 
of the way science makes new knowledge to look critically at the 
wav pupils are encouraged to build their scientific knowledge 
from obser\ ations. 

• 3 or 4 lessons with practical or demonstration work for tiie 
student teacher to team teach and observe 

• ■/- hour discussion with mentor 

lh>u science makes new knowledge and the status of that knowledge is open 
to debate. It is a debate that has been long running and continues to ha\e new- 
ideas iniectcd into it. This activity is not an attempt t(» provide student teachers 
wiih a definitive answer. It is intended that student teachers should be alert 
lo the fact that the\ can help pupiN improve their observations b\ structuring 
the learning experience manageriallv and thereb\ pedagogicalU . I his inten- 
tion has a respectable pedigree m that it was one of the concerns of Michael 
l-.ii-.ula\ as .1 k'Clurei at the 1 ruia\ I- \emng 1 discourses at the Royal institution, 

• Select science lessons w itii piaaual ot tk nioiistratioii acti\ itics m iheiii. 

• Student ttailieis shoukl be ducvted to i>bscr\e demonstrations and 
practuals m stR-nce lessons and lepoit back on instances where pupiK 
were iiuoKed m making observations of natural phenomena. 

• Pistuss the student teacher's observations. 

. - //'^ 
i ^) O 
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Discusiioti points 

Keep the ctnnersation focused on the pedagogic support and managerial 
strategies for helping pupils obser\e natural phent^mena. Ihe philosophical 
isNues can be left for discussion eUewhere. 

Vhe \iNibility of the scale on the meters. th.e size of the effects to be seen 
b\ the pupils, the placing of the pupils are all within the teacher's control. 

This is one place where modern technology can be easily introduced 
into science lessons but is still sadly lacking. In demonstrations, if apparatus, 
organism t>r effect is small and dirtlcult to see. use a TV camera and a I V 
monitor s^> that the whole class has a \iew. 



7.1 Managing Observing 

Sfiulcut 'l\\uhcr\ lirii'f 

In this acti\ity yc>u are to watch science classes and pa\ attention to the 
\\a\ in w Inch pupils are asked to make observations of natural phenom- 
ena, either during demonstrations or when pupils are carrying out their 
own in\estig.uions. 

( t f/rc 

Vou should be able to use itleas from the study of the way science makes 
new knowledge to Ku^k critically at the way pupils are encouraged to 
Innld their scientific knowledge frt>m their own observations. 

/ n. rMu r/i'fh 

• Read the extracts below, from AilriiC h> ,i [,ccttiu't bv Michael 
l-a:ada\ ( 

' Agree with vour mentor whuh lessons \ on slu>uld observe as 
vou team-teach. 

• \X hen pupils are involved in observational work take note of ihc 
lollowing issues; 

'0 Issues of what tvpe o(' thing is being observed, like: 

thinus that can be tlireetlv sensed, seen, smelt, felt. 

heard, etc.. sueh as torces. colours, 
(lungs ihal are eonstriied such as strueinral. anatomi- " 

cal or morphological featuies. 
things that aie loiistiued and .utessible through in- 

siiument.ition. ammeters, muroseopes. pM meters. 

etc. su(.h as current. osnu>tK poteimal aiul hvdrogeii 

loii coiRt'iuration. 

I Jo 

1 %) t 
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Cionsidcr the diUcrcncc bctwccir. 

description in answer to the questitMi. 'What is hap- 
penmi;?* and explanation, in answer [o the question. 
AX'hy is it luippening?' 
and the relative ditTiculties pupiU have with these, 
(li) In the elassrooni. observational issues are structured by 
pedagogic issues, like; 

lunv do the teachers introduce an obser\ation activity 

tor the pupils? 
arc pupils encouraged to make untutt^red observations? 
are initial observations discussed with the class as a 
whole? 

does the discussion lead to a consensus t)n what all 

might observe? 
do the pupils return to make tutt>red t)bservatitMis? 
the sequencing ot'parts ot\lenu^nstratit)ns sti that pupils 

are nuned smoothly trom considering the 'what' to 

the 'win* tU' the phenonieiuMi . 
(iii) in turn these are underpinned b\ managerial issues, like: 
where teachers place demonstrations for pupils ti^ 

w at eh. 

what teachers do to group and move pupiK si> they 
can see. 

the Use ot'big. bold demonstrations where etTects are 

demonstrable, 
the distribution and use ot' oper. questions that can- 

lu^t be answered with just a 'yes' or 'im* but require 

an opinion or tU-)ser\ ation. 
• Hiscuss \tuir observations with your mentor. 

l:.\t}ih-i> /h'fM. Atlvice to a lecturer by .\lufhhi l\}}\uLiy 

c:onsider the advue given bv baraday t>n lectures ami think abtuit how 

It ma\ also applv aiiv observation work earned tuit bv pupiK. 

.■\ii experimental lecturer should attend very carefully to the 
choice lie mav make of his experiments {\m the ilkistratUMi t^t 
his sublet t. I he^ sluuiUl be important, as tliev respect the sei- 
uue tliev are applietl to. vet clear ami such as ma\ easilv be 
uiulerstiuul. 

ihev should latlier appro. leh to simpliciiv and explain the 
eNlabhshed piuuij^les of the subiett than elab-Male and applv 
l<» mnuile plieiioniena onlv . . . 1 et voui experuneiils applv [o 
(he subjeu viui elucidate, and do not introduce those that are 
W' >( to the point . 

JL \i U 



NcitluT should too mucli stress lu- laid on what ! would call 
Ninall LApcninciUs. ov rather illustranotis. It pleases nie well ti» 
obsciAt" a neat itlea enter the head t)f a lecturer whteh he will 
initnediately and aprU illustrate ttr explain by a tew motions ot" 
his hand — a card, a lamp, a glass ol' w ater or any other thmi;s 
that may be near him . . . 

■ 1 IS well too when the lecturer has the ready wit and presence 
ot mind to turn any casual circumstances that has become table- 
talk toi the ti)wn. any local advantages or disadvantages, any 
trivial circumstances that .nay arise in company, give great torce 
to the illustratiiMis drawn troni them, and please the audience 
highly as they conceive they perloctly understand them. 

Apparatus, rheretore is an essential part ot\^very lecture in which 
It can he iiuioduced: but to apparatus should be added at everv 
convenient opportunity illustrations that may not perhaps de- 
Nerve the name t)t" appaiauus and experiments, and yet mav be 
introduced with considerable torce and etTect in proper places. 

Diagrams and tables too are necessary, or at least add in an 
eminent degree to uhe illustration and pertcctitMi ot" a lecture. 
VX'hen an experimental lecture is to be delivered and apparatus is 
to be exhibited, some kind t>t' order should be preserved in the 
arrangement ot'them on the lecture table. Hverv particulate part 
illustrative ot'the lecture shiuild be in view: no one thing should 
hide another trom the audience, lu^r should anvthing stand in 
tlie vva\ ot" the lecturer. 

Diagrams, tho* cvi-r so rough. .u\ otten times ot* important use 
in a lecture. The tacilitv with which thev illustrate ideas and the 
diversity they produce in circumstances occiirant {<ii) render them 
highly .lureeable tt> an audience. Hy diagrams 1 do not mean 
drawings (iu>r do 1 exclude drawings) but a plain and simple 
statement in a tew lines ot'vvhat requires many vvtjrds. A sheet 
ot cartridge paper and a pen or a blackboard and chalk are oUcw 
tunes ot great importance. 1 in general allude to temp MMrv dia- 
grams and would resort to tempt>rary means to obtain them. 

.A diauram or a table which 1 mean constituent ]\irts or 
]M-opi>itions vviiiten out in a rough enlarged wav) should be lett 
in the view of the audience for a sluM-t time after the lecturer 
hmiselt has explained that they may arrange the ideas contained 
in them m their miiuK and also refer to them in anv i>ther parts 



ilu' (lu«T\ coimcLtcd with tlu' sainc subject and f if they duu^sc, 
.IN In nlicn the CISC') .iisi» lo co|n thcin. 



7.2a How do wc Know? 

()'!:, HI: • SukIlmh tculicfs should bc lu.ulc <iw.itc ofliow tlu'V t.ikc 
Niicw Iccli^e tnr ^r.mtcd .ind h(>w ihcu pupils m,iv iu>t sliarc that 
kiu^w leiiiAi'- 

I .HI. • 1 hi'ur I'M the sUulL'iit te.uher u> rese.iieh and write 
• J" minutes disuission with nieiuor 

I \ ulenLe dres ih«t Npcak IiM' iiseh'. It needs a ihei>i eiieal inier]Meter. 1liis in all 
ilu Mi^ 'I (■ NO w hen . in the et'iiiNC o{' Neientitie enquiiA . pei'ple in\ eNiiuate naiii- 
I \] piu ib >n iL'iia that are Iha i>iid Nimjile NciiNorv experieiue aiul w herL- the ,irri\ al 
ii M.vuii kn. 'W UiIi;l- iLipiiiL'N inathematieal manipnlation tiala. 

h -:<.•;.-. 

• Siiideiit teachers should be asketl to p;. k some eoneept m seienee 
Mill I iieliilK le-Li'iistruet ilie pnneipal jUsritkatuMis for a behet in 
iliL \alulit\ of that LiMuept. 

• An aie(»uiH ol' the si/e ofatonne iinelei mi^lit start with the pattern 
ot' SI .itterme of alpha partules b\ nuelei. An aeeount ot w in we 
belie\e PNA ti> ha\e a Ik heal strueture w ill be sure \o iiulude the 
jMiieiiis of Ncaitered X-ra\N. Anv aeet>unt iW'whv wl accept the elec- 
tionii stiikture of the atom will ha\e to mchKle refereiue to the 
I inpn u al e\ ideiu e ot NpL-t tra. 

^tudint itacheiN lan be Nurpiised b\ their «-wn ii^noiance I't the inlerpla\ 
bctwim einpiiual cMdeiue and scieiitit'u tlKor\ . lo re-create the sense ol 
biniiiNtmeni aiul paiiial iiiulei Niandim; that man\ pupiU snltei . it ma\ be 
•'.»'iih p«»m.tini' the smdeiit teaLhers to a topic that is luu part ol then i»wn 
>pn lalism III NiiLiui\ "I hiN iua\ ik'ed the ct' opet.ition ol colleagues. 
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7.2a How do we Know? 

Snuicnf Iciuhcr's liru f ; 

OhJcLfirc ; 

Ydu should be aware i^fhow you take knowledi^e for granted and how : 

your pupils may iiot share that ktunvledge. I 

• Pirk a topie from your kiu>wle(ige of seieiue and re-traee the i 

evidenee that leads us to believe that the currently accepted ac- i 

coufit is reasonable. [ 

You may pick tctpics such as kni)\\ ledge c^f the size of atomic ' 

nuclei, the helical structuie of 1>NA; or the electronic structure i 

of the aUim. ; 

How can it be slunvn. step-by-step, that these accounts are jus- i 

tifiable? ' 1 

What e\idence persuades the community of scientists to accept ; 

these ideas? Hmpirical e\idenLe is i)b\ious|y important, but : 

that empu-iccd e\idence has to be interpreted in the Hght of i 

theory. i 
VC'hat is the interjilaN between evidence and theory for the ti^pic 
V ou pick? 

• Write a brief acct>unt ot* 'luuv we kmuv*. 

In your written acctuuu vou sluuild consider if it would be ' 
possible to .irrive at such conclusions without any iheorw 
Can the evidence speak for itself or tioes it neeti thet>rctical 
inter preler? 



7.2b Sequencing Conceptual Dcvclopinent 

()hicit{ii • Student teachers shoultl be able tn sequence a set of activities tor 
pupils that lake pupils frcun senst»r\ experience tn more abstract 

eolKCfMs. 

/ n/jc • 2 hours few the student teacher to research and write 
• '/. hour thscussion with ment(»i 
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• Discuss the activity with the studciu teacher 

• Review their suggested set acti\ ities tor pupils. 

The interplay between empirical evidence and thei>retical construct can be 
developed here in the student teacher's ^che^ne. You may wish to ciMnnient 
on: 

• the need to start with sensory experiences 

• the need to ask open questions of pupils about those experiences 

• how teacliers need to inject the scientit'ic viewpoint nito tlie discussion 

• iiow teachers can tormalise a consensus \ lew tor the class 

• the need lor pupils ti> ha\e written acci>unts ot" their work. 

7.2b Sequencing Conceptual Developincnt 

Siudcnl l\\ulh'r\^ lituj 

\*ou should be able ti> sequence a set ut' acti\ ities tor pupils that take 
pupils tioni scnsi>ry experience u> more abstract (.t»ncepts. 

\*i»u are gnnig u> plan a sequence i>t'demonsti"ations. ur practical hands- 
i»n experiences, tor pupds that uih lead thein Irom dnect sensory ex- 
perience ti> iiuM-e derived abstract concepts. I-or example, in deveK^pmg 
the concept i^t' "retiactuui' ot' light owe nnght want pupils to do the 
tallowing: 

lla\e the experience t»t' looking at objects through spectacles to see 
that what is seen through the spectacle lens is not identical with 
w hat is seen unaided. 

Tupils nnght then be given the i»pportiiintv {o do a ray bcix experi- 
ments m whiLh the deviaiiim (»l'the paths of rays of light passing 
through lenses can be observed. 

"1 his might lead i>nto an experiment with a parallel-sided glass bl(»ck 
v\liere the aimnmt of bending of the hglu is considered more 
laiefullv and m a (i>ntrolled vvav. 

Uipple tank demonsrralu>iis vviuild be a sensible suggestion tt>r the 
next activitv so iliat pupils tan see how water waves also change 
diiection when the\ nu>\e into areas of ditlereiU depths i»l water. 
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I^upils might then experience how light is deviated as it passes though 

prisms of different shapes. 
This could be followed by a return to the ripple tank to sec the 

effect with glass plates at the bottom of the tank being used as 

an analogue for the prism. 



Pick one topic like those listed here: 



acceleration 
pressure 

potential difference 
electric field 
latent heat 



rate of reaction 
concentration 
oxidation 
half-life 

electronic structure 



ecosystem 

excretion 

homeostasis 

community 

photc^synthesis 



Write out your demon.strations and practical experiences for 
pupils. 

You will find that you will need to add in theoretical ideas that 
cap be used to explain obsersations in yuur demonstrations and 
experiments. 

Discuss your sequence of acti\ities with your mentor. 



7.3 Issues of Process 

Mcut,'r\ Hricf 

i)biniii\ • Student teachers sluuild be able to tlcsign a set of acti\ ities for 
pupils f(»r a topic in science that take the pupils (lirough the 
processes of science. 

Jniu • ^ hours tor the stuticnt te.iclier to work t>n lese.uching <md 
designing 
• 7; hour discussion with i. mentor 



1 here is a ^a\ing that has been populaiii'etl by ()xfam, amongst other <ud 
agencies. ^iVwv a jX'ison a fish aiul you leed theiii f(»r a tiay. "leach the }X'i- 
son to fish ami ytui feed ihem tor lite.' A somewhat similar st.itemcnt could 
be matie about science education. I cich a person content aiul the\ know how 
lt» deal \\ nil one topu . I eai h a person prott'ss and thev know lu^w lo do sei- 
eiue. lo beconu' stientitic. lather than sinipls knowmg some scunce. is 
aui'.uient \i»ur know letlge making potential. 
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ltt>!uu tioth 

• Student tcaclicTS should be asked to foeus on specific processes of 
science as part of their routine lesson plaiuiing. 

• Monitor the student teachers' planning to make sure that they under- 
stand the purpose of the activity. 

• Review the student teachers' set of activities based on processes and 
suggest iiiiprov enients. 

Di<iii<>ion poifih 

i herc are two pt^ints to make in talking with student teachers. I-irstly. these 
activities present the knowledge-niaking processes of science in an atomistic 
wav which contrasts with the more holistic viewpoint taken in Clhaptcr 5 
'Science Investigations'. I he assumption here is that individual processes can 
be isolated and pupils' skill is susceptible to training. The atomism is softened 
if individual processes are linked through them having content, or topic, in 
ctHumon. Sect>iidly. many of the processes can involve pupils in pencil and 
paper t>r discussion activities, Ihey need not be practical. 



7 J Issues of Process 

Sfiuicht 7V^u■/Il■^'^ IhicJ 

lnvestigaiu>Ps. are dealt with in Cihapter 5. an(i are an important com- 
poneiu t>f being more scientific. Cihapter 5 concentrates on the planning. 
(»rgani7alitMial and managerial aspects of investigatiiMis: the structuring 
of lessons and the raising t>f pupils* levels (W" performance. The approach 
is iiolistic: an iiiv estigatii>n is dealt vviih as a ctMiiplete unit. I his activitv 
focuses on the internal workings of making new kiuuvledge through 
(operating the pn^esses of science. It is theretore nu>re atonustic. Rarely 
i>utside scieiKC do we carr\ out ciunpleie scientific investigations. 1 iow- 
evcr we often make lupotheses. we may weigh evidence and i^ccasiiMi- 
all\ we formulaie models. We use individual prtuesscs of knowledge 
making m science. In daiU life, the ctMiscious awareness i»f luwv we are 
operating such priKCsses can help ti> impnne luir )utlgnient. 

In makmu new kiu»v\ ledge, seientists carry tuii actions that have 
oMiinuwi paitei ns, I hese actiiMis that are comnuMi u» science are uleiui- 
lied .IS llu' plotessLs (»f sLiciue. Helow is .i st t i^f prinesscs o( sneiur. 
1 liev .ire iu»t the (Hilv sci possible nor ncLes^arilv an exhaustive set bul 
lhe\ do relied manv of die teatures ot' science. 
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designing 
tests ana 
. exoe'^in'^ents 



4 poss p'e so: o* urocesses >n sc-ence 



( )hn\ lii\ 

\ou sluuild he able to dcsiu;n j set of activities for pupils for a topic 
in science that take the pupils through the pn)cesses science. 

In>(1tii ({on< 

• Read the notes below on possible pupils' activities for processes 
nuoKed in niaknig scientific knowledt^e. 

• Pick a topic in science, possibly one of those listed below, and 
plan activities for pupils that will help them develop some of the 
processes ol seietlee in the above set. 

ad.ipt.itinii .iiul Mn \i\al pn^pernes of elements ek-eirual eondiu ntHi 

i;eiK'tu- \. Illation states pf' matter tvMise? \ .iiioii o(' enei 

pu'd.itoi pre\ rvlatioiislnps etfeets ot' ek-ett oK ms d\ iiamies of bodies 

• Hiscuss your proposed activities with vour mentor. 

.\i»f(> on ;>i'»//'/i- papfh' ihU'ndc^ fo} /wpu^x n /Mro/ro/ in nuiLi>f\^ ^liciuitii 
\o!itin\^ piincni^ in (he ?c,W irotld 

I his has [o be some form of' tleinoiistration or e\pIoratorv practie.d 
work. 

\/f/^/HC hypoihi ^('* 

1 >urini; a demoiisti alion this c ould be (..iirietl out or.ilK . With expKwat- 
orv experiments it mii;lu l>e followed up with sm.dl gnuip discussions 
and w 1 uiui;. 
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Dc<i<iitiius^ a tc<t or cxpaimait 

Pupils could be encouraged to work in groups. Their product might bo 
preseiUcd orally or a writing and drawing exercise could be uscd. Such ; 
design activities do not necessarily have to be for experiments the pupils 
will carrv oui. The content of the tc^pic can form a basis for the ac- . 
tivity but the focus can be on training pupils in designing tests and 
experiments. 

()bsaviri<^ and f}u\isurifi\^ 

Pupils need to be gi\en the opportunity to take measurements from 
instruments or to make orignial obscr\ ations. With the tocus ot the ; 
pupil's activity on taking readings it is possible to train pupiN by pro- 
\iding them with pre-set instruments in a circus of stations. I his can 
be related to the experiments they have designed and tried but does 
not ha\e tt» be at the same time that they carry out their experiments. 

l-itulifi\l patti-rns in diiUi 

I his can be a pencil and paper activity where pupils work trom data that 
is provided ou a worksheet. Again this does not have to be the data they 
collect in their t>wn experiments. Pupils can both learn ctuuent and be 
trauied in this process as a suigle activity. 

linildui\^ tfuo}ic< 

Pupils should be asked io devise theories for why ihe phcnomeiUMi under 
studv occur. This is iu>t the same as describing the phenomenon. Itimii 
the \v ork in activitv 7.1 you should know that explaining 'why' is much 
more ditVicult than saying 'what'. This activity provides a uscl'ul spring- 
board tor introducing scientists thoughts .ibout why the phenomei^on 
occurs. I his is the point to teach some content. It is also an t)p* o, J\!;-.!; v 
to contextuah/e the scientists' ideas with some activities on \u. . 
ol' scieiKC. See activitv S..V 



7.4 Criteria for Acceptability of Srictitifir Knowledge 

.\/(»JNw'^ litUt 

Ol'/, ./H. • Student t<Mihers sluuild be able to comment on the'wav pupiN' 
learning ot" science retlects the values and beliefs scientists them- 
selvis use to indue the ai ceplabilitv of st ientilic knov\letlge. 

/•;„„ • \ hours tor the stutlent teacher rt'v levv iiig. an.ilvsing ami writing 
• / houi disiussion with mentor 



Laimitio to 'I 'each Sa'cm'c 



• Ch\c [he student tL-acluT .i sclicnu' of work w liuli iiuoKcs a sigiii- 
tujiH .inuuiiH of piMcliiMl wnrk. i'liis is best if iiKoipuratcd uno 
acti\ i(y 4.4. 

• I lie siiulnit tcaclicr analxscs iIk' niatcTial lor c\idi-iKc v)f iinplu it or 
lAplicit \ allies. 

• 1 JiNciiss ilk* results (»f tin.' !c\ it'W and anal\ sis w itli the studciu tcachrr. 

With luiiior and lower sccoiidars scr'ikc, tlu* constraints t)t'thcsf ti\c criteria, 
sot out at the start ot tin* student teacher's briel", are weak and pupil in\ esti- 
mations are ueneralU more spontaneous and enjoyable, it is the gradual 
strengthening ot" the constraint of the criteria that can make learning science 
less spoiiiaiieoiis. iiuui- like proiessioiial science, and perhaps less enjo\able. 
Mowexei. the rediKtion ot en|o>nient in upper sc'condar\ science might, in 
•part, be attributable to these the criteria being latent and not made e\[^licit 
In leaiheis. [^ijuls can be encouraged it'helped t(» see theiuscK es de\ elopin^ 
their St icncc skills through explicit discussion ot' these criteria. 

7.4 Criteria for Acceptability of Scientific Knowledge 

■ Slu.L tU I , J. I \ litu t 

llcjt. IS .1 s( r o! ti\e \alues oi beliet's, pio\idiim uiteria tor the accepl- 
abilit\ ot scieiitith knowlcdue, ci>innioii to scientists going about the 
lul^mes^ ot doing suciKc. I he need lor: 

• sciioiis .iiteinpts tn toiitiol \,iriables to isnlate eft'et ts. or the 
scttini; ii|^ ol control exiH'iiments: 

• u |Moduiibilit\ ojrtMilis II resjKi ti\ e ot'the e\pt rnnentei . tunc 
and jilaic. 

• as precise a prediction ot' etfetts jiul phenomena as is possible. 

• uiietui estiiiMiioii ot' the eriois inherent in the e\pennu ni so .is 
not to III. ike J. mils that .iie iiiijustitietl b\ the iiitorm.ith»ii in the 
tl.ila; 

• e\pLin.iiioii> ot wh\ llnims h.ii^peii m tei nis (vf m.itei la! iiu\li- 
.inisiiis. 

( )/•/.. f/r. 

N on duMild bi .ible to oiiimriii on the w .i\ pupih/ le.ii niiig ot" si leiu e 
sli.iies coiiiiiioii (oiuein with sueiilists* uiteri.i toi the .k i e|itabilit \ ot' 
SI lentitii know ledge. 

/ >M 



Siictin iuui Kfiou'li'dsic 



• C '.JMA lUii this anal\ sis in lonjLuu tiiMi w ith ymif w ork uii acii\ - 
UN 4.4. 

• I iu)k at soiiu' aituitu's in j sciu'iiu' t^t' \' (M"k tliat yuir dcf^irt- 
nicni iHJ\ lu' usln^. 

• IdciUiK the places in tlic silu-iiu' ot' work wItiTc these ti\e cri- 
teria may be brml^ht intc pKi\ as an inteL;ral part ot'ilie pLipils' 
learuiiiL; ot seieiu e. 

• n"an\ tit' the ti^e are not hruui^ht inti> play at ain sia^^e in the 
scheme nt' work tlien \ou sluuiKi decide how tlie activities tor 
the pupils nuulit be ahered so as to make tliat incorporatu>n 
pi)ssible. 

• Write a brut lej^ioM on \oin" .maUsis. 

• Misci.ss \our report with \our nientoi . 



7.5 Your Nature of Science Profile 

\ lir.r; . 

<)!■!:. !n- • Student tt a Ju i s ^ilould be .iw .ue of' then- pi »sition \\ ith i esjH'Ct 
to ma|<>i ideas (Mi the wa\ scieiue makes knowleLii!e- 

y • 1 lii>ui t'fi the sfadeiit te.uhei v\ <>i kine ainne and tlun dist nss-^ 

ini; iheir j'lrotile 

• 3 hv»uis loi anaUsis i>t both ScieiUe lu tlie NatuHi.il C urriCMlum 
and some depai tmental sih'emes ot wi-ik 

• honi" disuissioii t»l"pri^llles wiili iolleai;nes 

Iheie is some reason to belie\e that the actions an\ one ot" us takes are. to 
a lai^e eMeiii. deiernnnetl b\ behefs we lu>kl abtuil tlie appropriateness ot 
sui h .u li' »ns: our .u tious are di i\ en b\ onr phih >sopliie'^. 1 e\\ ot ns iia \ e w ell 
w t>i ked i>ut . unambiguous, plnlosophies that w e l an state and mterroiiate. but 
It Is possible toi Us to jiiothice a repertiMre ot responses to sjxMtiC iustaiues. 
I'll IS tpiestu>nnaire is intendetl to help st leiu e teat hei s expose and inspect then 
own plulostiphus (it suence thioui^h respondini: tt> spt^-utic iiistaiues. 

/^(^^^Hi n.'M- 

• the siutleiit teaclui should complete the i|uestionnaire and tlun leatl 
the e\planator\ notes t»ii the tollow \\\<^ pai;e. ' 1 he questiounaiie is taken 
tioni N(at c\ \Xellnmt(Mi. P^^^.M 

/ W 



Lcarnini^ to Teach Science 



• The questionnaire can also be given to other members of the science 
department. 

• When the questionnaire has been completed and the student teacher 
has Worked out his or her prt>filc, discuss the rcsuhs in relation to 
the science that is being taui^ht the pupils. This could be a whole 
department acti\ ity. 

• Does it matter ifall the teachers in a science department have different 
profiles? 

• Are pupils likely to be confused by different phikisophies of science 
prescrited by diftercnl teachers? 

• Wow are student teachers' philosophies of science (and tuher teachers 
. tov)) expressed in their presentation of science in\ estimations ft>r 

pupils? 

• Does Science in the National Curriculum ha\e a profile? What is it? 

• Which philosophy nf science is implicit, or perhaps explicit, in the 
schemes of work for your department? 



7.5 Your Nature of Science Profile 

Student I'cihhet'y Ihiet 

I his questionnaire is designed Ko i;i\e yt>u some itlea of \ our own phiKi- 
soph\ o{ science. IMease read each t^f the statements carcfulK. CJi\e each 
i>ne a number rant;ini; fr^Mn \rriini;ly atiree' { + ?\\ to 'Ntrt^ngly disagree* 
^ .nul place it next the statement — a score of 0 \\\\\ indi(.ale a 
balanced \h'\\. iVov the moment ignore the initials in brackets.) 

1 . Results tliMl pupils gel Itoni their experiments are as \alid as anybody 
else\. (RIM 

2. Science is esseniialU a masculine subiect. (C!D) 

.V ScieiRc (acts are what scientists agree they are. (C'I\ RIM 
4. 1 he oh|e(.l i^f scientific ,uii\it\ is to re\eal reality. (IR) 
^ Siientists ha\e no idea of the outcome of an experiment betore 
lhc\ dt< It. Ml )■) 

(k Sueiilitic lesearc h is ecoiioimcalU and politicalU determined. K'D) 
Science ediicatuui should be more about the learning of sci en title 
)>iocesses than the learning of scientific tails. {pCM 

/ 
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S. I"hc processes ot" science .ire divorced t'roiu moral and etliical con- 
sideratit>iis. (C!P) 

^^ The most valuable part of a scieiuitu' education is w hat remaius 

after the facts ha\e been forgot ten. (PC!) 
!(). Scientific theories are \alid if they work. (IR) 

1 1. Science proceeds by drawing generalizable conclusions (which later 
become theories) trom available data. (ID) 

12. There is no such thing as a true scientific thev>ry. (Rl\ IR) 

LV Human emotion j>la\ s no part m the cieation of scientific know - 
ledge. {C:i)) 

14. Scientific theories describe a real external world w hicli is independ- 
ent of human perception. (RP. IR) 

13. A good solid grounding in basic sciciuific ficts and inherited sci- 
entillc knowledge is essential before \oung scientists can go on to 
make discoveries of their own. (PC!) 

U>. Scientit'ic theories ha\e changed o\er time simpU because exj^eri- 

mental techniques ha\e improved. (HP. CiH) 
P. Sciontit'ic method is transferable trom one scientit'ic iiu estigativ»n 

to aiu>ther. fPC!) 

.is In practice, choices between competing thet^rics are made purely 

im the basis of experimental results. (CH, RP) 
\'K Scientific theories are as much a result ot' imagination and intuition 

as mterence from experimental results. (IT)) 
2^1 Scientitic know ledge is diftcrent tiom other kinds < if knowledge m 

that it has higher status. (RP) 

21. ("here are certain physical events in the uiiiverst.- winch science can 
never explain. (Rl\ IR) 

22. Scientific knowledge is iiioralls neutral — onl\' the application of 
the knowledge is ethically determined. fC!l)) 

2.V All scientit'ic experiments and obscrv atuMis are determined b\ 

existing iheoiies. ( II )) 
24, Science is essentially characteri/ed b\ the methods and processes it 

uses. fPC.) 



\'ou can Use v(Uir ies]>onses, using our s(.oring system, to work (Hit a 
profile (if \iuir nature ot'scieiue. I (H»k f(»r the initials in brackets al'tei 
each statement. Put yvuir store for e.ich quesli(»n in the apptdprrite 
bo\,es). (SiuiK (juestioiis "sioie' twice!) Some scores h.i\e to ha\e tlu'it 
sign Rl \'l - RSI h /i.e. multipK b\ ' 1) befote tlie\ can be used. 1 his is 
Midicated by a ' ' next ti» the nunibei . e.g.. it y(un- response to statement 
1 is then the score in the right-hand column on the RP boxes will 
be 



Lcarriiti\i to 7Vtu7i Stictu'c 

TkIO'C ? profiio 0* sconce score do\os 



rr.inskT tiic total marks from tlic columns to the poNitioiis on each 
rcic\ant axis. |oin up the S marks. This is your profile at the moment. 

neLAliv'JSM POSITIVISM 
-:0 ^? ;4 IG ^ n^' K ?'\ 3? 40 
L_ L \ [ L_^.l.. .-1_.J__..L..^_,.J.__L_..J L__L_ J 

i\r)i';. Th, )SM DFOUCTIVISM 
?0 16 12 8 4 ID 4 1? 16 ?0 
_J_.-.^„_-i_..l .^1. . : . J l- -i „J„.,.l .J 1. -_L ^„.^J J !. -J 

C ONTrx'w'Ai . HF CONTEXTUAl ISM 

40 3? ?4 l(i 8 CP H 16 ?4 3? 40 

: i. .Jl ._L ._i 1, ^X..^. i. L .1. _.L...l -J J L^....L__J 

PROOb^ r>MiVEN CONTFNT ORIVFN 

:\, ':o IS '0 s P( s ^0 ii) ?o ?r> 

i-, J... I .. -1 -J -J i. .J - i ^1- i. . 1. i. ,.L_ .1 ....L.__J 

.'0 IS lo s i'( s 10 IS ;o ?r. 

; I .1 1 1 I i . I 1 1 i. .1 i - I . i . i .1 1 1. J __! 

Ueiati\ism: l lie tlenial (hat tluni;s are true or false soleK based on an 
nulepentlent realit\ . I he 'truth' of a theorv \m11 tlepeml upon the 
noims and latmnalits of the social .uioup consulerniii it as well as the 

/ U 
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experimental techniques used io test it. Judgments as in the truth of 
scientific tlieories will vary from indi\idual to individual and from one 
culture to another, i.e. truth is relative not absolute. 

l\)sitivism: The belief that scientific kno\vledt;e is more \aiid . 
than other forms of knowledge, fhe laws and theories generated by 
experiment are our descriptions of patterns we see in a real external 
t)bjective WDrld. To the positivist, science is the primary source of 
truth, l-'ositivism recognizes empirical facts and t)bservable phenomena 
as the raw materials ot' science. The scientist's Job is to establish the 
objective relatit>nships between the laws go\erning the facts and the 
t>bser\ ables. Pc^sitivism rejects enquiry into underlying causes and ultimate 
t)rigins. 

U\d\h\i\'i<u\ — Dciiuainsifi axis 

hulucti\ism: i he belief that the scientist's Job is the interrogation of 
nature. \\\ observing many particular instances^ one is able to infer from 
the particular to the general and then determine the underlying la\\ s and 
theories. According tc> induct ivism scientists generalize from a set of 
observations to a universal lavw inductively. Scientific kiu>vvledge is built 
by induction tVom a secur'* set ot observations. 

Deduciivism: The beliet" that scientists proceed by testing ideas 
produced by the logical consequences of current theories or o\ their 
bt>ld imaginative ideas. According to deductivism (or hypothetico- 
deductiv ism), scientific reasv>ning consists of the forming of hypotheses 
which are not established by the empirical data but may be suggested by 
them. Science then prtu'eeds by tfsting the observable consequences of 
these liypuiheses, i.e., observations are directed or led by hypotheses — 
they are theory laden. 

C "ontextualism: I he view that the truth of scientific knowledge and 
proa^ss is inter-dependent with the culture m v\hich the scientist lives 
and in which it takes pl.ice. 

1 )e-(.inue\tualisin: The viev\ that scieiilit'ic knov\ lcdge is independent 
ot' its cultural location and .st>uological structure. 

Vvkkv^^ tln\en: Sciciuc n seen as a t haracleristk set o\ identitiable 
mellunis/jM ot esses. Die le ii niiig of these is the essential part of science 
ctliu atuui. 

Content (Iriveii: Science is t li.iraciei i/ed b\ the fat ts and uleas it 
has ami that the essential part ol" science is tlu' acqinsitu>n and mastery of 
this btulv of know letlgc. 
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lmfruf}U'fitali<ni — Rci2li>tn axis 

InNtrunicnialisiu: ScicMUific ideas arc fine if they \vi)rk, that is ihcy allow 
correct predictions lo be made. They are iiistrLiniems that we can use 
but they ^ay notliing about an independent reahty or their own trutli. 

Uea liNni: The behef that scientific theories are statements about a 
world that exists in space aii<^ time independent of the scientist's per- 
ceptions. C Correct theories describe things wliich are really there, inde- 
pendent of the ^cieIltists, e.g., atoms. 



C^Juiptcr (V 

Science and People 



Aims 

It is pcojilf v\lu' do science and tiic rcsuhs of scicntit'ic cndca\our atToct pco- 
j^lc's li\(.s. I he past, die jTresciit and tlic future ot' science are intimately in- 
\-.«l\cd wall people: the luture ofscience will be dependent ujion our pupils. 
\X c- \u.\\ iielji tlirni to see dial they can contribute to that future if we pay 
.itu niKMi lo the people who tkwelopetl our scientific know ledge and skills tt) 
w h.n tlie\ are now . I lie aims of this chapter are to help student teachers 
ni\ estimate-: 

• hi'W jMij^ds sic science and scientists aiul to diiiik abmit what teachers 
dt' tt' jTU'iiivae particular iniai;es: 

• ilu' I ciitrilnition a know letlge ol'tlie liistuiA of st ieiice makes to im- 
pi t'\ MIL! si lence teacliini;: 

• ilie I'.'k ot science in si>cu't\ aiul how can wt* c\pl(Ue (his relaiitMiship 
111 till' I lassit >om; 

• llu- wa\.s ni which the ethical issues that are laiscd b\ science might 
I c' puviTited .Mid cXjMcietl In puj^iN. 

hit rucliK'lion 

\ s!ud\ «•! ilie pi-t jir( >( nt and |T( 'ssil^lt; {utuies tor science MUtd\es asking 
-)U' -(u-Ms abi'Ui the liistj-r\ stieiue, its social location and the ethical issues 
I h.n sui ui I' laiscs. Ihis Is education j/'i>n/ science rather than ethicatioii ii: 
-iiiiivi •>! M K iiu' I'dui atioii b\ i/e/nv* st ieiice (I ictlson, Pi'^n). It is the pan of" 
^•unn ( ihiiatioM that is uiosi (;asd\ lost uiulei the jM'essure ot' Attainiiieiit 
1 M-.ais ( Si and ' \" K-m-I examinatioiis. leinui furms and main other 
t<'Uiini.- adinmisi! I picssures It is the jiart of sc iciice ethuatuHi that niav 
lu'i '-^ci' in- .ittrinptid Iniausc- siiciuc teachers are, bv .iiul large, not liis- 
i«'jiins. SI n h >|t 'gisi N .mil tiU'tal philosoplu'rs. 

Sii(Mi( it iilut- il«' not (aii\ the sole iespi»iisdMlit\ fiM the images (»t 
' u n« r ih.it pupiK lia\c-. TupiK i^,nn a distoited imt>ression (»f s(ieiue from 
»!*iart s t.f scu'iice that vii c- jMcscnted m e\ei\ tla\' life. lekwision, ratlio, the 
1 UK m I and bt u.ks < .u r \ iniai;,es of st lentists aiul scu nt e therefore, e\ en befoie 



hH iual sCioiKc ocliuation begins, \ounu cliiKlroii sumo ini.iL;(.' ot st icntisCs 
.iiul siit'iKc .iiul .ii(i\ity HA iti\(fl\cs txsCcUcliiiiL; tlu'^o itn.ii;c^. 

Ci(.'iulcr cIiIiImi'IKcs. .k tc>iuribut(Ms t<> dil krcntKU(.'cl (>lU(.onlo^ in scii'iu"c 
ctliK'.Uu'M. h,\\c been nniliT nncsti^.Uion since ilu* l*J7()s. i Ik- research 

("nulings \\A\c concribuied (o i banjoes ni uirncnlar prcAisjr.n. Science in the 
Nalioiial C nrriiuluni wa^-. in p.irt. tn(Ui\.itetl b\ a perceived need t(> redress 
ihe nnb.il.nicc- becweeii die jnipd nptake in ditVerent sciences in N'ears 11 
anii beUMui. It was iluuiu.hi io lu* .1 bati lliine, that main bovs t<uiki lea\e 
scliool without .in\ It'iinal scieiudic kiuA\le(.l^e ol their own butlies or that 
L'.iris coiiKl lea\c si houl without .uiv kp.owlediL;e of tlie science beliiiul the 
eleUroniet hank al ap|>haiues useil in ilad\ hte. Student teachers are heiis lo 
ihcsc chanties and need to bectuue aware ot tluir impact on classitHun hfe. 
.\(.ti\it\ S.2 prtAiiles an oj>|H>rtunity to ile\eio|i pupiN' personal responses to 
siu'iue. wuliin tojiu' areas, witli hiiks betwt\'n stience in {\w classroom aiul 
daiK life. 

liuh\ idnal sui iuisiN au* hish»ric,ill\ . soi i,dl \ . e(. onomi(. all \ . poliiicalh and 
;4eiujra|ihuall\ huated, \n awareness ot'this is \t,'i \- usctul to seience teachers. 
I he coiiteM ot seieiu I v' in lu' e\ploiird in tt .u hmi; about st ieiu f b\ pro\ uhni; 
PujmU with .titiMties that explore st leiu'e in it's tontext. I his ajiproaih t^ois 
b'.Aoiul the snnple InstoiKal. Inqninnu, into tiie a|i|i|icatu»n ol'stieiue in tcch- 
noli*j4\ Is a i^'pular exiensiun acii\ it\ lor pujiiN. Materials sut h as Sticiuc iinJ 
/ ( (/j/i.'/ev')' N''0' ' \//S ) tiom the Associalion loi Smaice lchuatu>n's 
and the I ieiiuniaiiii series. /Aji/zf/v' l/vw/ .N./if/n ba\e had simutk.int ujMake 
in \ \\( I K . At ti\ It \ S..^ pro\ ules student teat hers with a strut tui ed t>|ipt>rtun - 
il\ to e\|ilore the puj^il atinilits ni these iiMtei laU. 

ihe histor\ ot stieiice iMo\ules an tij^jiort unit \ tt» intituhux" a (.htkixait 
personal tliii leiisu Ml. i ^ur seieiu'c leat hiiiii (.an beiielit trtnn uit orptn atinu, mou* 
on ilif li\es aiul works (>t earlier st leiitists. This asjiett is otteu ltM"i;otter, or 
t«'\eittl in iri\ial terms h\ sunpl'. assoeiainiL; names with spctitic itleas. I xen 
a inoinentaiA e\aiiiinaii(»n ot" suth suipjuts shows that the\ art' at best sim- 
jMisht tM at w 01 st iiutMiett. e.i;.. Marwin in\(.utetl e\(»lutitMr. In all cases, 
thesf scientists weie |Mit ot'a stHitt\ lacini'. j\irtitular |>rtib!eips ih.u brout;hl 
l^aititulai asj^teis ot st lentilit thmkini:. to the tore. Marw in's .k lne\ einent was 
tt» briipj. to!;etliei .nitl make toheunt itleas thai liati been .utnuul lor si\me 
tune. Si> wh\ was this .1 jM-oblem M.uwin was pr(.'|^aretl t(» tackle: What was 
the siHKt\ he w.is "oirkini; in like at the tir.se? VC'h.it kiiul t»t jHasou was he 
himselt"' W hat |M-obleiiis did he l.Ke in the tle\elopment ot' his itka- I he 
a lis w el s to sut h tiucsiu uis I nip li> set sv kik e in a |H'i stMial context aiul tw ule 
an oj^portunit\ tor tlnltlrui to reali/e that stieiue is a human activity. It alst» 
bleaks iht- subjett barriei s that totus jnipiU attention on tlit'terences between 
sub|ttts. .Attnuies t(H studtut ttatheis in are to litlji them t<» think more 
iiititalK .ibont att:\ities toi jMipiU wliuh tan builtl juipiK' knowletli^e ot" 

st H ilt e's j\lsl . 

'SA 1 IS' iii.itetials tt>iitain utnilics tli.it in\ol\e tpiestit»ns to whith there 
aie moral autl etliual thmeiisions. Atti\it\ S.S is tlt'\t»tetl to these. Siuh 



maccrials aic anu>ii^sl ihc li.iiilcsl (o usv .nid u lakes j skilled. (.iMituU'nt tc.klK'f. 
u lu» is Nuriiciciul\ tluiiili.ii w itli ihc eiiildiciK to relax their i;rip on ehiNsrcuHU 
toiiiri»l. l orin.d dehales and diseussUHis. drama and role play are >o far re- 
mi»\ed troiii standard s(.ieiu e leaehiiii; thai teaeh.ei s must be eonlident enoui^h 
to risk potential failure m adopiini; ihem. Vor this reason the exploration o\ 
nu»ral and ethieal questions is often left out of elassrooiii aeii\ities. Many 
pupils find these amoni;si the most tnterestnii; aspeets of an edueation ahoui 
Neieiue. 1 he\ are tlie issues of the da\ w liieh help shape the future of seieiiee. 

8.1 Images and Attitudes to Science 

()hici{iii • Student leaeheis slu)uld he able io eomnieiit ot\ how pupils' 
miaut's i^t'seieiue miiilit be ehani;ed thrmii;li cliant;iiii» jHipils' 
alU\ ilies. 

/ • ^ luniis loi- student teacher niter\ie\\s. relleeiion and wi itint; 

• /■ hour diseussiiMi wiih mentor 

I iiis aetiMty is tlesiL;ned u* ]iio\ide an i>pporluiiil \ tor student leaeheis to 
explore eluldreifs imat;es and attitudes [o seieiiee. Keseaieli shows that seienee 
eaii he one ot' the least popular ot' seluH>l subjeets (VX'hitfield. \^)7')). At the 
lime i»t ciiaiii;e o\er u» ei>mpulsi>r\ seienee io Year 1 1 in the UK. the data for 
subjeet choices at A le\el seem ti> be slu>\\ ini; that a eurricuhini which forces 
jnipiis to study all three sciences for appro\imatel\ 10 per cent of the eiii ri- 
euluni time has nt>i led u> an increase in the number o( pupils choosnii; to 
eoiuiiuie with science pi»si-lfi. 

hi particular, the number ot' i;irls cluu»sini; to stiid\ sciences lor A le\el. 
otlierthan bu»K>i;s. remains disappointini;ly K>w . Head (l^^SS) has ari;ued thai 
scienci' is seen as beiiii; i objective, detached and nt>t eoiiceriied with people. 

liie arts. lu>we\er. are seen ti> be concernetl with emotions, aesthetics and 
people. Since adidescence is a crucial time when children are seekmi; to define 
iheir identity. suli|ect cluuce is a statement about the Sell". (Jirls can be pui (»ff 
a subject w huii seems lo be impersonal. uneiiu>ti\e and w hich does luu retlecl 
iheii: values. 

XX'hen askcil ti» draw a siieiUist. (.hildren predtMumantly draw the stereo- 
t\pe I't a white male in a lab t(»at with glasses and wild hair. Iheie is some 
e\ideiRe iluuigh lhai children retogni/e the linutalioiis of this image and 
that when asked. 'What di» seienlists dor* and 'Are real scientisis like \our 
drawing?', their answ ers slu»w a better uiulersraiuhng (»f* science. 



Science Kibotatorics theniscKcs can appear to be cold, impersonal en\i- 
riHuncnts lackine, such creature comforts as carpets, flowers or plants and 
interesting; w all posters. In additituu much of science education is presented 
thront^h the use ol apparatus which sometimes seems deliberately arcane «nid 
\vln)se use is restricted solely to the science laborator\ , reinforcing the notion 
that science is a specialist acti\it\ undertaken only w ithin institutions rather 
tiian i;i\ine, the impression of science as an everyday activity of great personal 
relev a nee. 

hhhui I i Otis 

• Brief the student teacher well in advance. 

This auiv it\ nught be carried out m conjunction with the second part 
of activ ity 3. lb. 

• Direct the student teacher to pupils m N ears ~ and 11. 

• 1 >iseuss the student teacher's report. 

/ )].M jh^itiis 

bactors which cuntribule towards childreirs impressions ot science can be 
beytMid the intluence of school: such as the contribution of the media. This 
discussion should bring t>ut some of the situations and actions in school w inch 
contribute towards children's impressions of science and over which the scluu^l 
has control. 

• P.i^playiim pupifs wtM'k on a regular basis is a routine tlu't teachers 
can invoke without anv major uplicaval. 

• [laving more pt^siers of science in dail\ life will also liave a positive 
intluence. 

• C hanging the introduction to topics so th.e\ diaw more heavily on 
pupils' experiences in dail\ life. 

• I arge scale changes in tlie type cW" pupil activities, sequencing of activ- 
ities and learning obiectives in schemes ot work. 

• 1 vei\ science teaclier carries the personal responsibility ot" promoting 
sMcnce .is a worthwhile human endeavo'Ur. 

8.1 Images and Attitudes to Science 

StnJ< >}t I V<f. lit-} Kiirl 

sluuiKl be able lo lomiiient iUi how pupiK' nn.igt s (^i'sdeiue imglii 
be ihmgul through Lhanmng pupiK' activities. 



• lor (Ills .titi\it\. you will lurJ to work with .1 mii.iII t;roup ol" 
pupils (»i .iltrrii.iiiv rl\ with iiuli\ ulii.il pupils. As .1 luiiiiiuuiii 
\ou will iK'cd to I. ilk t(» a aiul i;irl tioiii Year 7 aiul \\\w 1 1 . 
\'ou slioiiKl take notes ol*.tlK' answers that tliv puj-JiN u,i\e. 

• *\Varin-uj)' vour interviewees hv asking them alH)ut how ilieir 
da\ has i;one so lar. [■Njilam that the jnirjiosi' oTthe aeti\uv is 
to IiikI out wh.it they think suentists' work is aiul what they 
think ol the siienee that ihey tlo m sc. lu.,.l hi ouler to t;et them 
to talk lively, you will ha\e to assure ihem that anythiiii; the\- 
tell you Is eonrKlentiah 

• Alter your iiitrotluetion ask the lollowiiu;: 

C!onkl yoii please draw a |)ieiuie ol'suentist lor mer 
( )o real suentists liu>k like \our picture': 
What ih > St leiitists >: 

( an \ou tell me the names ofan\ seientist that vou know? 
( oil 111 \ ou write ilow n all the suhjei ts ih,it \ on tlo ami then 

sort them into ihiee t;ronps; thost- yon like, those 

don't like ami those xou don't niiiul. 

\'ou put seieiue in the i',r»ni|i. 

C an \ou tell me what it is about seuiue that made \^»u 

t hoose that i;r(iuii; 
What at iisities d(t \ ou most like donu; m sueiue' 
Some inij^ls think sticme is l>oiiin.». What do \(ui llimk" 

VC'h\ do \on think that: 
What Would make sueiue iiH>ie iiitei est iiit; lor sou- 

• < to into . I room Used foi teat liiiii: l iudisli and make a lew notes 
I 'II the ijipeai aiue of the n^oni. 

1 low Is It Ini in died: 

Ale tluie reteiil jn^steis (hi the wall: 

Is ( liildi en's w ork d!sjil.i\ (.'ti' 

Is theie an\ sju'iiahst appaiatus .nul what iinpiession of the 
suhietl does u L'j\e': 

• Now tM » to a I \ |iu al sueiu e laht uati m \ and ask the same tpiestu 'iis. 
What iiii|Messioii do \ on ^t•{ tiotn aii\- apjiaratiis 01 s|Htiiiieiis 
llial mndit he out 01 011 show in (hs|il,i\ t.ihiiicis: 

• li\ and siimmaii/( \oui o\ti ill iin|>i' aoiis <»! the (ontiasl 
heiwecii (Ik- iw o 

• \X I i(e a hi iel"ie|u»i( i»ii \ 0111 lindnii»s. ( ousidci the lollow nii\ in 
\«'ni iep(M( 

Wlia( im.ir.e di » |>ii|mIs li.i \ < ot .1 u in c 
What a(t itudcs do j>i ijnls li.i \ c to mu in ^' 
\X liu li M In »o| e\ pel leiK ( s ai (■ |M 'ssihl \ i i s\h >iisihlf It »i loi 11 1 

\\\\\ liu il llllpU ssKMls- 
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\ ItAv might school science activities be elianged so as to put - 
a intMe liutnati face on science? 



8,2 Promoting a More Personal Response 

( )hjci(ii'c • Tlie student tcacluT should construct a display that de\ elops the 
theme of science in everyday life for some topic taken trom a 
scheme of work, and use it in teaching the topic. 

Dffic •34 hours student teacher preparatioii 
• hour discussion with mentor 

N'oung children are naturalU very concerned witii themselves and their t)vvn 
personal identitv and enjoy that element t)f the personal and subjective. The 
perst)nal element is aw as]H*ct student teachers t^ften overlot^k initially, see- 
ing their task as one of delivering the teaching and learmng of the ct)ncepts in 
the department's scheme (W"work. I'his activity seeks to explore how we can 
encourage the perstnial resptuise ni education ijluuit science bv relating science 
to t'eatures ot" pupils" daily livjs. 

• Ideiitifv a topic that might be imminent in the programme t^f study 
for pupils in classes that the student teacher will be wt)rking with. 

• Direct the student teacher to the activity notes. 

• Discuss progress on compiling the tlisplav with the student teacher. 

• Arrange for the lesson ni which the display will be team taught. 

• Arrange fov feedback to the student teacher on the eftecti v eness o\ the 
act I V it y. 

• Discuss the use of such activities, and alternative activiiies, with the 
student teacher. 

• I he thsplay helps to Ining the evei vda\ world iiuo the scieiue lesson. 

• [he invitation to oju'n t'luled vMiliiu; makes the stait ot a ti'pic more 
approachable as there are no 'right' aiisweis. 

I4J 
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• Pupils, as is evcryutic, are mure at case with the tamihar and this 
builds CDiifidenee to prDceed. 

• Bringing the real \\t)rld into the classroom will probably be more 
effective than using photographs, cartoons, text and video clips. So, 
for example, real spectacles, real bottles and glasses and real tanks of 
water wt)uld be better. 

• I'leld-trips. hospital, factory and workshop visits as well illustrated 
talks by speakers all help to bring the world into the classroom. Local 
SA TIU) representatives will be able to help put you in touch with 
local industry. The ctnitact address for the National SA DU) co- 
i>rdinator is in this book. Appendix 2 (see p. 211). 

I 
t 

8.2 Promoting a More Personal Response \ 

i 

StiiJeril ledilh'}'^ Uriel \ 

Objeitire ] 

\ou shoukl cciistruct a display that develops the theme of science in 
everyday lite foi some topie taken fVotn a scheme c^f work and use it in 
\our teaching. 

• 1 )iscuss with \nLU' tiicutor a suitable topic from the programme 
ofstucU in \our school, e.g., relVactitui. 

• 1 hink caretiilK' about hi)\\ the seietice iinoKed enables you to 
explain e\eiUs in e\ervda\ life. Write out what the e\eryday 
e\eiits .lie. e.g., seeitig tlitVerently thrtaigh spectacles: looking at 
olijects thriHigh c>ther transparent objects, like bottles and glasses: ■ 
looking at the bottom of' a swimming pcH)l etc. 

• Collect documentation of those e\ents in everyday life. You 
might Collect plu^ti^uraphs. newspapei" articles, cartoons, \ideo- 

t lips. 

• C ompile yuir dot umentatioii into a tlispla\ that can be usccl as 
.1 pupil a(.ri\ u\ ti» start the tnpie. 

• I hmk abniil lu>w (he dispia\ is prrsvntetl to tlie pupils .nul w hat 
ilie\ will l>e asketl to tlo, mighi: 

ask them ti) wrilf an t»pen etuletl piei r .ibnut wii.it tlie\ 

justice 111 the mi>niage. I his mnKl t >ke different forms 

poems, lelleis, newsjiajiei aituies, 
ni \ Hi- tilt III 1 1 ' m.ikr " ni'--N( ^ i| - m i h- < ii ih < \U w i ^ » t m i 

iiHMi lo llu- 'lenn-iil- III llu vli^p! i\ I in-, i t»ull in- i will 

ten l.isk. 

p!'o\ide llieiii with .i st lies ».( •>( i m I ui ttl t|ucsiu-Ms. 
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group questions and frame thcni so tliat they form a type 
of eomprchensiou exercise that goes from reporting what 
IS in tlie montage to explaining how things happen. 

• Cionsider wliat tlie next activity tor the pupils miglu be in terms 
of focusing their atteiuion more carefully on the phemMiienon 
involved. Write out a brief scheme of work (topics and activ- 
ities) for the next four lessons that folknv on from the display 
nuroducti(Mi. 

• Trial your activities in a team-teaching situation. 

• Devise amendments in the light of pupil responses. 

• Now consider these questions for discussion with your mentor: 

How might the work with the displa\ help pupils to have 

a more personal respc>nse \o science? 
What miglu be more effective than a display? 
[low else could you link science ro dail\ life? 



8.3 Science And Technology In Society: The SATIS 
Materials 

.\/i'/ift>) '> Hue}' 

i )hjt\tivc • Student teachers should be able to identify a variety ol'difterent 
pupil activities involved in SA I'lS-tvpe work. 

I ntu • 1 hour student teacher review t»f SA I IS materials 
• IS niimites discussion with mentor 

1 be application ot' science is intimateK bound up with teclinolog\, and 
teclmologv changes the vva\ pec^ple live their lives. Science and technoKigy 
are not the same thing but main people have difficulty in distinguishing 
iHiwecn the two. A crucial distinction lies in the fact that science has theories 
that enable it U) considei the question, 'Why does it happen?' TechiK^K^gy as 
piMitised In mam societies vv.is. and is still, nothing more than a 'trial and 
Liior' tecliiioh>g\. SocuMies two thousand years ago in Africa, and even as 
receiuK as two hundred years ago in Mritam, ma\ have known how [o make 
steel hut thev had no Conception of win the pro(.ess worked and therefore 
no idea oi^liow (o uiiprove the puuess, other than In tinkering. Suteesstul 
sMendlu tlu'oiies enable predutuMis i»> be made vvliuli i.iii be te^le^l against 
expel iiiieiu.il evideme and have stood the test of time. 

(be traditional approach \o seieiice teaching has tended to pl.ue applua- 
tions as .III .iltei -tluuiglit and treated teelmologv as being a b»>lt-on extra. 1 here 

/ / / 
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liavc been ctlort^ to Ntrcngtlicii the links in sccpiKi.iry science education tliroiii;h 
resource materials such as those published by I iobsoiib in their series (.)f Sci- 
ence IMus: Biol,\\^y (^Jicniisfry l^lu< and /Vj)'>h.N Plu<. Ho\vc\er the 'Plus' 
does not challenge the myth that first there is science and then there is its 
application, thus totally ignoring the other direction oftiow in this two-way 
street where technology prov ides science with the phenomena it might inx est- 
igate together with the social setting in which such issues are seen as being 
wortiiy of research. 

riie tact remains that technology is the most \ isible, per\ asi\e and intrus- 
i\e aspect to scientific dcNclopmcnt and change. Pupiis are daily confronred 
with technology in .1 way they are not confroi\ed with science. Siiltcr> SdcthK\ 
tor example, takes as its starting points 'i-'ood'. *C!lothing\ 'Warmth', 'Drink' 
and 'Ikiildings'. I'hese topic titles acknowledge that the issues of technology, 
its uses and abuses, are tar more pressing in pupils' minds than the question 
of 'NX'lu does It happen?' 

• Hircct the student teacher to sur\ey SA'I'IS materials and then to 
report back. 

• 1 )iscuss the student teacher's report. 

riu- SAMS materiaN include the following generic activities; 

questionnaires wheio jnipiU must check to agree/disagree/don't know: 

debates as rnjc plays; 

Ci Mnpreh en si on exercises; 

daia .iiialysis exercises; 

small group discussions; 

sugi;esicd experiivients. 

It is usc't'ul to highlight this point .ibout generic activities in pointing to how 
the lechiiK|ues can be .ulajMed to other ct>iUent mateiiak 

8»3 Science And I'cchnology In Society: The SATIS 
Materials 

StUiii nt } l ihhi i litii t 

^ iMi sluuiUi be- able to ukiilii\ 1 \.itici\ ot'dUfeieiit piip-il .iai\i(iis in 
SA 1 lS i\ ju- W(»ik. 

/-/-•■ 
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• ColUri a set of SATIS inati-'rials tor otic ai;c group. 

• C^)uukl\ scan the tuattTials ti» see vv hat they eoiuain and vv hat the 
format ts. 

• Return tv» \V()rk throui;h them systematieahy. DtMi't read tlie 
materials, rather. h>ok tor 

— patterns in the ways in which they locate science and tcchiio- 
logv in a social context. 

— the ditVcreiit types of pupil activity that re-occur. 

• Keep notes as you work. A ch.nt or table might be useful. 

• Report back to your mentor. 



8.4 Incorporating Historical Material 

Mcfitct'> Btief 

Ohjcitiic • Student teachers should be able to construct worksheets that 
m.ike use ot" historical material and lo trial them w ith groups of 
pupils. 



l itne • 3 -4 hours student teacher preparation 
• 7' hour discussion with histor\ teachei 



There are ditVerent approaches to the study of history. In science the most 
popular approach is th.it ot''the great maif. The 'gre.it man' view of history 
is underlined by the nomenclature ol' units asst^ciated vv ith their work. This 
particular approach to histtu'y is not helpful in science education. T'irstly, it 
does not accurately model the histtMical prt>cess itsell', in which the bit-part 
pla\ers are )u^t as important as the hero t^t'the piece. SectMuUy. the tocus on 
bioi^raplu gives rise to anectlote. not alvva\s accurate, and t^ften misleading, 
in terms ufhow knowledge is advanced. IhirtUy. the conceptual changes for 
which the 'hert/ was respt»iisible are actually triviali/ed in p.i\ing no atten- 
tion, or (.austically dismissing, what went before. More pressing, from the 
point ot' view ol' science education, the 'great man' approach cm alienate 
rather than encourage: 'there were so lew who were successtid. how (.an 1 
possibK Ik' like them?' 

'\n alternative is to focus on the explanation ot" some natural phenom- 
enon that pupils have been studying. The question of what the pupils think 
about that phenomenon should have already been raised the\ may be 
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unclear in their own ideas — so it is encouraging for pupils to learn that they 
are nt)t alone: other people thought as they do. This then re-directs attention 
onto ideas and the evidence that led to those ideas being changed, and some 
of the changes of the past are echoed in the pupils of today. Pupils can be 
encouraged thrcnigh knowing that if others have started from the same posi- 
tion and moved forwards, so can they. 

The key advantage to this approach, from the point of view of constructing 
a scheme of work, is that history has a natural place in helping pupils change 
their ideas. It does not have to be bolted on. Education in science can be 
combined with education about science. 

The student teacher will need access to illustrated books that contain 
information on the history of science. The ASE in conjunction with the Brit- 
ish Society for the History of Science have published a Directory of Resources. 
The address is given in Appendix 2 (see p. 211). 

histrm tiotis 

• Direct the student teacher to the activity. 

• Discuss the student teacher's worksheets after he or she has Msited the 
history department. 

1 

8.4 Incorporating Historical Material 

Stiuirnt Teacltcr^s Brief 

l ip-service has Inng been paid tt> the notion that a complete science 
education is one that nuorpt M ates some elements tif the histt^ry ol sci- 
ence. The problem is how to do this and when lo do this. A possible 
place in a scheme of work is after pupils have explored some natural 
phenomenon and prt>duced their own ideas as to what is happening and 
why. Being familiar with the phenomenon, and pu7zled by it, they may 
be more interested in the history of how it is that we now think what 
we do. 

( )/'/(•( tire 

You should be able to construct worksheets that make use of lustc»rical 
material and trial theni with groups of puj^ils. 

• Diseuss a suitable topic iVcMn the programme of study in your 
schiH^l vv itii your meiitoi . 
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You will need aecess to books that deal with the history of sci- 
enee and are well illustrated. Find out the following: 

What did the scientist most associated with this topic think? 

How did the scientist come to this opinion? 

What was the key evidence? 

What did people think about the phenonientMi beforehand? 
Why did they think that? 

{Pupils might be encouraged to recognize elements of their 
own ideas in the thoughts of people from the past. T heir 
ideas can be rendered less naive, and thereby less alienat- 
ing to the purpose (^f learning science, if they can see they 
arc not alone) 
What was life like at that time in that place? 
How had this phenomenon come to attention and why was 

it in need of exploraticMi and explanation? 
How had your chosen scientist become invoked? 
What bit>graphical data can you find cnit about the scientist? 
I'ind pictures related to the scientist's life and times. 
Now put together two worksheets. Be imaginati\e in your 
compilation. 

T he first should be t)n the de\elopnicnt of the scientific 
idea^ . 

T he sec(.)nd shouki lo us on the life and times n{ the sci- 
entist. 

i'or each t>f the abo\e ytui uill need to do the lollowiiig. 
Write out your own text and add illustrations. 
It slioukl not be any more than one page of A4. 
Write ct>mprehension questituis to gt» w ith each of the texts 

and illustrations. 
Nine questions are probably enough. 
Structure the question.>. 

T he fust three questions sluuild ask for information that can 
be obtained by copying from the text directly or describing 
an illustration. 

The lourth to sixth questions sluuild require the pupils to 
Lombine or compare information in the text or illustra- 
tions. 

T he last three questions sluuild ask the pupils for their 
opinions about issues that are related but not explicitly 
111 {\\r text. 

lake \our compreheiisuui wtirkshett^ to a liistoi\ teacher in the 
scluuil. .'\sk (hem lor their opinion and .id\Ke on \tiiii efforts. 

I rial your worksheets with pupils, 
Mistuss the results with \our mentoi . 
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8.5 Ethical and Moral Issues 

Mentor's brief 

Uhicitivc • Student tLMclicrs should be able to report on how moral and 
ethical issues might be incorporated into a revised scheme of 
work. 

YVmf • 3 hours for student teacher preparation tasks 
• 'A hour discussic)n with drama teacher 

Hii(h[^ round 

The intrtKiuction t)f moral and ethical issues can be a very motivating feature 
of science educatit)n ft)r young people. Student teachers need a great deal of 
confidence and some help in devising appropriate strategies for such pupil 
activities. The debate format is undoubtedly easier to handle than the mt)re 
open-endeti drama. Both might be best placed at the end of a term and perhaps 
towards tiie end of a student teacher's training period, This work should be 
part of the re\ision of a scheme of work that is discussed in section 4.5, 

!u\tuu tions 

• Direct the student tcaJier to this activity as part of the work ou 
activitv 4.5. 



8.5 Ethical and Moral Issues 

Studctu Tiiuhcr'^ Ihiej 

Science throws up ethical and moral questions which are of great interest 
to young people who want to know how they should behave and how 
ocher people are likely to behave in given situatiotis. Science teachers 
avoid these because they are rarely, if e\er. part (»f a syllabus for exam- 
mation and teachers themsehes dt» not have a reperttMre of skills lor 
pro\idmg suitable pupil activities. 

You should be able to ie[U)it on hnw moral and etliRal issues might be 
iiu<>rp(>rated into .i revised scheme of work. 
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Ithtnutions 

The folhuving are SATIS 14-tc)-l() activities that involve debate or pub- 
lic inquiry. I'hey offer cnie way of handling moral or ethical issue with 
a class: 

409 Dam problems 

502 The coal mine project 

503 Paying for the National Healtii 
(^02 The limestone quarry 

608 Should we build a fall-out shelter- 
U)02 Quintonal: an indu.strial hazard 
\0\)^ A big bang. 

You should do the following; 

• Review the SATIS activities listed above. 

• Decide lunv they work. 

What are their mechanisms in terms t>f pupil activities? 

• Devise a debate activity that can be in.cluded in the scheme of 
work for the topic you are revising in conjunction with \our 
work in section 4.5 

• Discuss your debate tvutline with your mentor. 

Drama can provide a way of exploring moral and ethical issues vvuh a 
class. You should do the tollovvmg: 



Discuss with a drama teacher \n your sclmol how they go about 
^tructuri!ig pupils' activities for the vvork>hop tlevelopiuent of a 
pla\. I'ind mit the following. 

VC'hat are gcu>tl openuig activities? 

1 low lhi^ is followed up? 

I low is tlie development of the play organised by the teacher? 

How are pupils' roles and the plot Ime developed? 

Do the pupils do any writmg? 

What record is kept of the pupils' vv(>rk? 
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Progression in Pupils' Ideas 



Aims 

I lu- .nnis t>f this ch.iptc'- ^rc ttv 

• make siudL-ni tLMchcrs ass arc of the concepts that pupils of diffcrini; 
atic and abililv hold about sonic common natural phenomena; 

• otVer slutlen; teachers an explanation of that di\ersity in terms of a 
mockl x'f cognitiN e de\ elopment; 

• cliaracteri/e the maui features of the model and the stages of coi;nitive 
dewK^pnient that the model describes; 

• mirntUice the idea of assessint; the eoi;nitiNe demand made by science 
concepts, and of clioosmi; le\els of concepts to suit pupils of varying; 
aue and al)ilit\ 

• vt.nt stutlent teacher, thnikuig about Nsa\s of encourai;ing coi^nirise 
U)t>\\th m then- pupds, especially throui;h the use of \\ell-desii;ned 
n»uniii\e conrhct .utiNities. 

Inlroduclioii 

Pujiils i.m maki- proi;ress thn^ugh the science curriculum in a number of 
u .i\ s 

• irum one topic to another (from respiration to photosynthesis); 

• horn one context to another (from respiration in mammals, throut;h 
rt spir.(tioii in insects, to respiratit^n in plants); 

• 111 ihe LomplcMtv ot' the concepts they deal w ith (from respiration 
as \'\\i;en plus sui^ar produces carbt>n dioxide and warmth* to the 
\elhilar themistrs of respiration'). 

I ln>. JiajMM In ^.•luernrd with the las; t^f these, it is basetl on the itlea that 
. hildu II S ibiliis to ptocess inlormation, their thinkmi* al^ility. de\eK>ps slow ly 
wuii experience ami interacti(Mi. and that the informatitni-processing capability 
ot' I particular ihild will set limits on the ct)mplexity of concepts that the child 
i in lojH' wil'h. Such a Mew has serious implications for science education. 

/>"/ 

j«- ^ 
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We have operations in the working of our minds, or ways of thinking, 
which enable us to construct knowledge, jean Piagct and his co-workers in 
CJeneva found that these cognitive operations develop progressively and 
sequentially. This development is not just a matter of becoming faster or 
more full of knowledge: there are qualitative changes in the way that children 
priK-ess new information as they develop ci\u;niti\ ely. Stages of cognitive 
development were identified by Piaget and labelled as sensori-motor, pre- 
operational, concrete and formal operational, 

in secondary science education we generally require'pupils to use ct)ncrete 
and formal operations. Concrete operations are mental operations on concrete 
variables, that is variables which can be directly perceived, such as length, 
weight, colour or shape. Formal operations are concerned with variables that 
are derived, second order; such as density, pressure or oxidation number. 
Formal operations are needed to use abstract models, such as kinetic theory c^r 
theoretical models of the atom or cell, to make predictions about the effect 
ot changes in model parameters on the macrt^ properties of materials or organ- 
isms. For more detail and examples of science concepts available at each stage 
of C(^gniti\e development, see I'owards a Siivticc of Scictuc 'rcachitij^ (Shayer & 
Adey, 

There is some controversy as to whether 'concrete operational' and 'formal 
operational' may properly be used as descriptions of individual children. Docs 
cc»ncretc operational behaviour in one context signify a general character- 
istic of the child, that is will the same child use concrete operatit^ns in a dif- 
ferent, nu^re familiar, context? In this chapter, a strong Piagetian line is taken 
in recognizing that pupils' stages of cognitive development will limit the 
responses they can make to a problem. But recc\i;nition is also given the 
fact that however intellectually powerful people may be, they canntU solve 
a problem unless they have the necessary background knowledge. Both 
kiuuvledge and prc^cessing ability are necessary for academic achievement. 

During their first weeks in schoc^l, student teachers need to beccMne aware 
o{ the fact that pupils have a range of ideas about different natural phenomena. 
In activity M,l, student teachers are directed to explore the ideas individual 
pupils hold. The activity invc^Kes talking to pupils and recording their views. 
It is essentially a data collection activity. 'Fhe data can then be used (ov activity 
^>,2, in v;hich student teachers are invited it) find patterns in the pupils' ideas. 
Initially this sifting and sorting relies on the student teachers' intuitive cat- 
egories. Later in the activity, the student teachers are introduced to descrip- 
tions of Piagetian stages and invited tt) use these to categorize pupils' ideas 
collected in . Activity develops student teachers' familiarity with the 
Piagetian stages through asking them to apply the descriptions of different 
stages to analyse objectives appropriate in learning science, (he analysis can 
he extended io Science in the National Curriculum, StMiie grasp t^f progression 
in the levels the attain' icnt targets can be achieved from this activity. 

( )ne ol the tenets of t lie Piagetian model i>f cognitive development is that 
children progress thrcnigh cognitive action. Children need to have experiences 
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that make thcni think. Sciciuc teachers must therefore find activities for 
pupiU that require thinking. The choice of acti\ity and the sequencing of 
acti\ities play an important part in prt^viding pupils with the cognitive con- 
tlict that aids their cognitive development. Activity ^^4 allows student teachers 
c\)nsider how their lesson planning and schemes of work in science might 
accelerate pupils' cognitive devch^pnient. 

Progression and differentiation are the obverse and reverse of the same 
coin. Student teachers are directed to consider the implications of different 
rates uf progression amongst pupils, in any one class there will always be a 
spread of pupils' thinking. That spread is obviously greater in mixed per- 
Un-manee or unstre.inied classes. Teachers need strategies to help pupils at 
different stages of progres^. In activity ^).^ student teachers are directed to 
ct)nsider the issue t>f differentiation. 



9.1 Children's Ideas about Natural Phenomena 

■\hnlO}'> Brief 

OhjciUrc • Student te.ichers should be able to report on the range of pupils' 
ideas o\\ selected natural phenomeiuu 

I'lnu * 2 hours to intet\ie\v a range of pupils on different phenomena 
• 7^ hour discussion with mentor 

Student teachers often find it difficult to ctMiie to terms with the way in which 
many pupils seem tt) fail to understand apparently basic concepts in science. 
1 hey tend to assume understanding has been achie\ed Just because the material 
has iu-en c.irefully explained, a practical has been done, and the pupils have 
seemed to attend and nod sagely. I bis activity is intended to give the student 
teacher first-hand experience t>f the types t»f ci»ncepts which children form. 

h\>lrui fh'Ji.v 

• Select Year S or pupils for the student teacher t(^ interview tor their 
ideas (Ml natural phenomena. (Year ') is best in a mixed ability school 
for producing a suitable range different ideas from the pupils. Do 
not use Year 7 pupils as it is too easy for student teachers tt> write ft 
thtir nusC()iueptu>' 'because they have iu»t been taught it yet . lo 
a\nul pupils* idt-as neiiig ratioii.di/etl a> idiosyncratic, do not choc^se 
pupils who are either exceptionalK bright (»r who base sen His learn- 
ing ditViculties. 1 he student teacher should have the opportunity to 
see that some misct>iueptu>ns are ct)mmon e\en with average pupils.) 

/.\^ 

1 O 4 
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• discuss with the student teacher the topic on which they will collect 
data. Suggested questions on three topics are in the student teachers' 
notes: 

The Earth in space 
Current electricity 
Solutions 

'» Guide the student teacher with the advice that each interview should 
last about 15 minutes. 

• Discuss the student teacher's experiences after tiie interviews. 

l)i<LH><ion point 

It is important to impress upon the student teacher that what might appear 
at first sight to be a rather shocking level of mi>coiiceptions amongst pupils 
is in fact not unusual. This is not to say that we should be content with it. 
but to highlight a very common phenomenon and so be better prepared to 
deal with it. 



9.1 Children's Ideas about Natural Phenomena 

Smdrnt 7V<a/jtT'> Brief 

Ahhough you can get some idea of what pupils think about different 
science concepts by looking at their written work, the best way to probe 
their understanding is by talking to them. Pupils have a range of ideas, 
many of which can be quite sophisticated in complexity. Many of their 
ideas are not the same as those of scientists. Teaching science involves 
working with pupils' ideas and helping pupils t(^ change their minds. 

< )hiir(ivc 

You should be able to rept^rt on the range of pupils' ideas on selected 
natural phenomena. 

Insfrui tions 

You nuist have a pencil and paper for the pupil to draw on. You might 
tind It useful to tape the interviews, lor the electricity topic, a cell, st)nie 
connecting wires and a couple of bulbs would be useful but not essen- 
tial. I'or the work on solutions, a glass of water and sonie salt or sugar 
will be handy. 

• Your mentor will select some pupils for you to talk with. 

• Ihree topics are suggested below. Decide with your mentor 
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which topic you wish to investigate, and interview all of the | 

pupils on the same topic. If you have plenty of time, you could ! 

then do a second topic. ] 

• ik^low are some notes on possible questions for three topic areas. I 
Read the notes, ! 

• CJicck with the class teachers that you can talk with their pupils, i 

• I'ell the pupils that you are not assessing them. Just trying to ! 
find out more about what pupils think, 

• In e\ery case, start off with some easy questions, and gradually 
probe more deeply, but if the pupil is obviously lost, do not ! 
press for high level answers. | 
Take your time, and allow the pupil plenty of time to answer, | 
letting the pupil talk around the topic. Provide the minimum j 
amount of help needed to move the inter\icw on, j 
Vary your questioning accc>rding to the responses the pupils j 
inakes. ; 
Your aim is to find o\i{ as much as possible about what they j 
think, j 

• Keep a record c^f pupils' ideas by writing nt>tes as they talk. j 
Hiicouragc them to make drawings, Collect the drawings and 
label them with their names, ] 

• Discuss hc>w the interviews went with your mentor. ] 

• Keep your notes for analysis in activity ^>,2, | 

\\'tc> OH possible ijih'siiofi< for three topii arein 

The l-.iiuh in <pace . 

j 

What sort of shape do you think the harrh is? ' 

Have you heard people say that the Harth is round? you think ' 

they mean like a football, or flat like a disc (record)? \ 

Draw what you think the Harth is like. ! 

Draw some people standing on the Harth. \ 

Clan you draw another perscni standing on the other side of the i 

Harth (in Australia)? • ! 

Draw scMiie clouds with rain falling on the people, ■ 

Why don't the people fall otT? i 

What do you think gravity is? Where does it come from? ! 

I 

\ 

What happens if you put a little sah in water .ind stir it? How does | 

this happen? 
Is the salt still there? 

In what wa\ is the water similar or different from how it was to 
start with? 

J J 
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In what ways is the salt similar or different to how it was before? 
Does the solution weigh more, less, or the same as the water before 

the salt was added? 
If I went on adding more and more salt, what would happen? 
What would happen to the weight of the water? 
If \ did it in a measuring cylinder, would the level of water rise? 

Probe for some sort of explanation in terms of 'particles' of salt and 
particles of water, if appropriate, seek deeper understanding in terms 
of sodium and Lhk>ride ions, 

CMvmit electricity 

C!an you nuke this bulb light, using this battery and wires? (in 

practice or as a drawing) 
What makes the bulb light? 
Where does the electricity come from? 

What happens to the electric current when it goes through the bulb? 
Show me how it travels from the battery to the bulb. Put arrows 
on the wires in your drawing to show the directitni it flows. 

At this point ymi may need to make some corrections to ensure that 
they have a complete circuit. 

Is ihere the same amount of current all around the circuit, or is there 
less in some places than others? WMiy is this? Plow could you test 
this? 

It all of this has been easy, draw or make a circuit like this: 





1 * J 
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Ask questions about current in each part, about energy transfer in the 
bulbs (^r about what happens if you unscrew each bulb in turn. 

More probing questions include: 

if the ^ame current returns to the battery as leaves it. what is trans- 
terred from the battery to the bulbs? How? 



9.2a Patterns in Children's Ideas about Natural Phenomena 

A/t'Hfi>r '.'^ Bru'J 

i)bici!ivc • Student teachers should be able to examine children^ ideas to 
see if there is patterning and consistency. 

Pifuc • 2 hours for the student teacher to interpret their data, read the 
notes, make comparisons and write a brief report 
• '■/> hour discussion \\ ith mentor 

(;)uestions like those in activity ')A have been asked of pupils by researchers 
in many schools (see Driver, ct aL IW). Student teachers need to be aware 
that the misccmceptions revealed in the interviews arc not peculiar to your 
school or to this particular group of pupils. Since they are widespread it is 
likelv that they are systematic. Key determining factors arise from the com- 
plexity of the concepts and from the limitations in pupils' abilities to process 
such concepts. Later activities in this chapter will explore ways of describing 
this complexity and suggest what might be done to increase pupils' processing 
ability. 

• Direct the student teacher to the activity which involves sifting and 
sorting the data obtained from activity ')A. (Note that the categories 
m the table for different age colu^rts are taken from research findings. 
The percentages in the table were taken from survey data ct^llected on 
the distribution of Fiagetian stages of ct^gnitive prtKCssing.) 

• Discuss the student tcMcher\ repcnn. 

• Student teachers should get a feeling for the way in which pupils' ideas 
are not random but are systematic. The fact that they are systematic 
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means that it is possible for teachers to find ways of helping pupii 
change their niiiids given the constraint.^ of the stage of cognitixe pro 
cessnig of the pupils. 
• Hxperimental error is a problem with small Naniples of pupils espe 
cially if the sample itself is not representatix c- of the distribution o 
Piagctian stages across a same-age cohort. 



9.2a Patterns in Children's Ideas about Natural 
Phenomena 

Siiuicni VVtu/jcf'.v Brief 

Object ire 

You should be able tu examine children's ideas to see if there is patterning 
and consistency. 

Complete these first two steps before you read further instructions below: 

• Sift and sort tiie pupils' responses to your interviews in ac- 
tivity ^)A, with a view to finding regularity and patterns in their 
ideas. 

• CIroup ideas that are similar together, hi what ways are they 
similar? 

I ry to write out a characterization lor each of the groups, 

• Now study the table below on patterning in children's ideas 
about natural phenomena. 

• Compare your grouping with those in the table in the notes 
below. 

• I.oc^k at the expected percentages across gr<Hips as displayed in 
the table. 

• lU'view the frequencies in the patterns in your pupils' responses, 

• Write up your findings. 

• l)i.^cuss your report with your mentor. 

\otc< oti piJttcrt]< it] ihiliircn's h/tM.v 

Heiow are some percentages. deri\ed by lnterpo^tion from sur\ev data 
on children's stages of cognitive de\elopment. for what one might expect 
of pupils at different ages who gi\e diftereiit responses to interviews in 
the three topic areas of activity . 
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Tatfo 9 ^ Theory gene^dft^c/ p.vpecft-a percenragos of pupils with different 

responses to three lop'C areas \ 



Aosi.ve'' type 

The Earth rn space 

The Earth -s flat like a disc An absolute idea of down 

People l<ve mside spherical Earth or on a flat surface 

of a hemisphere 
People i've all over the surface of the Eaah. but 

drawing shows them ail the same way up relative 

to the page 

People on surface of Earth, feet all towards tne centre 
Idea of down' relative to surface or centre of Earth 
Cu^'ent electricity 

Only one w re needed 

Two Wires, current comes down both frcn> cell to bulb 
Current circulates, gets less as it goes af-ound 
Current remasns constant 
Solutions 

Salt 'disappears', water gets no heavier 
Sa't mixes with water, which gets heavier, but no 

change m volume Sa't is sti'i there but may not be 

recoverable 

The process is reversible, salt and water can oe 
recovered 

Some sort of expianation m temis of particles of salt 
and part*ctes of water mixing 

i 



9.2b Stages in Cognitive Progression 

Mentor s liucj 

Ohjafiw • Student tcMcluTs should be able to use their kno\vledj;e of 
Piat^eti.ui stages of cognitive progression to categorize pupils' 
ideas on natural phenomena. 

lituc • 2 hours tor the student teacher to read the notes, interpret the 
data and write a brief report 
• 7. hour discussion with mentor 

liihk\^ro\tnd 

IMagelian stage iheors pri»\ides snenu' leathers v. ilh an explanation tor 
the differences in performance by pupils, both as the pupils get older, in pro- 
gression, and ciMiiparing pupils of the same age in differeiuiated pertormances. 
it therefore has the poieiuial to pio\ide guidance on the sclectiiui ot pupil 
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activities and the grading of tasks in sequences of increasing demand. This 
is also valuable for interpreting Science in the National Curriculum and 
translating curriculum documents into graded schemes of work. 

ln<! ructions 

• Direct the student teacher to the reading, interpretation and report 
writing activity. 

• Supplementary reading is Shaver, M. and Adey. P.. (1981). 

• Discuss the written report with the student teacher. 

Discussion points 

• rhe Piagetian model helps to reduce the complexity of the topic 
dcpendci.ce of pupils' ideas. Teachers can apply the same sequence of 
stages in progression when planning for progression and differentia- 
tion in all topic areas. 

• Teachers can plan for progression and differentiation within any topic 
area gi\en sufficient knowledge of the pupil population and the cog- 
nitive demand of the topic. 

• Using research into children's ideas, the match between curriculum 
and performance can be improved. Curriculum development can be 
more systematic. 

9.2b Stages in Cognitive Progression 

Stuiiait Tcachcy's Brief 

: Ohjcitivc ' 

« You snould be able to use their knowledge of Piagetian stages of cog- 
i nitise progressi(;n to categorize pupils' ideas on natural phenomena. 

i Instructions ] 

\ 1 

• Read through the tiotes on ct^gnitive progression below. 

• Use the specimen analysis below to interpret the patterns you 
f found in activity 9.2a. 

! • Write a brief report on your interpretation. [ 

I • Discuss the report with your mentor. 

I Wwo OH >f(i\j('> m io<^nitii'c p}oi,^tcssion 

\ The answers which pupils gave in your interview in actuity 9.1 are a 
' product of 
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what they have been taught, and; 

what seni»e they have made ot their lessiuis and do make of your 
questions. 

The sense pupils make of things depends on tlieir ability t(^ proeess 
information, and this is a funetion both of what they know already, and 
of their thinking skills. The development of their thinking skills takes 
place ihrt)ugh a series of 'stages' each building on the ft^rmcr but being 
qualitatively different from it. 

The main stages of cognitive development described by the Swiss 
psycht^logist jean Piagct arc Scnst^ri-motor, Preoperational. Concrete 
operational, and Formal operational. The great majority of pupils in 
secondary schools will have reached the concrete or formal stages. What 
follows is a general account of the different thinking characteristic of 
the stages. 

I^}c-opchitiotuil i I ) 

Pre-operational pupils offer inconsistent observations. They tend to treat 
each observation separately and do not group objects consistently in 
classes but instead change the class of an object according to the imme- 
diate circumstances. Their so-called egocentric thought leaves them un- 
able to see things from another's point of view or to generalize. There 
is a tendency to impute will into inanimate objects. The pre*operati(Mial 
thinker does not conserve any quantities, i.e,. they may report that 
\olume, mass, or length ha\e changed when an object is moved or 
deformed- 

lunly L\niLicit' operations (2A) 

At the earlv concrete stage, children can mentally place objects or obser- 
\ations into groups. They can perceive and use simple two-variable 
causal relationships in linguistic form: ^When this goes up, that goes 
down, so this causes that'. Harly ctMicrete thinkers can order a series of 
objects, have a sense of number and therefore can make some sense of 
measurement. Harly concrete thinkers are at the thresht>ld of what is 
required bv a scientific approach to the world. I heir ability io conserve 
some quantities through transformations and their increasing skill in 
measurement opens up a world of empirical work. 

Mature lonactc operations {2B) 

Mature concrete operators can mentally nuHlel crossed categt^ries. For 
instance, with HcMting and sinking (objects the\ can see that there arc 
light sinkers and heavy floaters as well as heavy sinkers and light floaters. 
However, they caniuu provide any explanati(Mi U^r such t^bserv atitMis 
which requires imagined or abstract cHMuepts (such as density). UeastMung 
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' is reversible: if acids tnake litmus go red. then anything which makes 
litmus go red is an acid. Despite the fact that they conserve mass, they 

' have difficulty with displaced volume: they will not equate the rise in 

i volume of a liquid to the \olume t^f a solid which sinks into it. Because 

I the mature concrete operator cannot imagine all of the possible variables 

] in a situation, they will not be able to design an efficient experiment in 

j which all variables are well controlled. Mature concrete operators will 

I be able to follow detailed step-by-step instructions for some practical 

: activity, but may ha\e no overview of what it is all about. 

liariy formal operations (.^A) 
i Formal operations are mental o-perations on imagined entities. The for- 
mal operational pupil is able to hold a number of variables in mind at 
i once and see how they may be related to one another. Early formal 
I operations offer the beginning of explanatory thinking, so particle models 
. of matter can be used and the thec^retical concept of density, if offered, 
: can be used as an explanation for floating and sinking. 

I Mature formal operations (Mi) 

i f-lexible and fluent use of theoretical nunlels and the ability to generate 
hypotheses and design experiments to test them is the hall mark of the 
professional scientist. They are also characteristics t)f the mature formal 
^)pcrational thinker. 



A specimen analysis of children's ideas by Piagetian stage 

Tcih^f^ .9..' A ooi^S'bie P'3getfan ana^yS'S ci pupils' 'Cieas on three topic areas 



St^ae 7.^p Eaitf- 'p ^oace 

1 Eafth IS flat iike a disc 

df"" rthsoluty icJea of dow^ 

Peode I've ail over ifu- 
surface of the f:arth 
(iraw nqs s^ow »Her" ail 
san e v\dv up 



! F'«n>f)iH or s'l'^aci"' of tnp 

'' tdMh feet <il! tovvrtuis cer-.fe 



' Jr., .1 



Cu'ient Electrfcit\ 
Or^ly one wire r^eeded 



Solutions 



Salt "disappeais 
water gels no 
heavier 

Two vvires. i:'jrr»-nt corres Salt n'lxes vvth 
down both fron" eel! to water wfuch gets 
l"j'b heavrer. but no 

change m volun^e 
Salt IS still there, 
but may not be 
recoverable 
The process is 
reverS'ble 
r^alt and water i dn 
t)e recovered 
I ^pl'jnat'on if» 
tiMirs nf paftic.'<'s u\ 
salt Hnd wat<-M 



Cur'erit (.rrcu'ales gets 
lost, ds tt gofs droiiruj 
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9.3 Analysing for Cognitive Demand 

Mentor's Brief 

Ohjcidi'L' • Student teachers should be able to use their knowledge of pro- 
gression in cognitive processing to analyse the level of cognitive 
demand in lessons and in Science in the National Curriculum. 

Time • 6 hours for the student teacher in reading, analysis and report 
writing 

• 1 houi discussion with mentor 

BaiL\<^uHinJ 

I'iiere are two activities in this sectic>n. In the first the student teacher analyses 
the plan of a lesson already taught as to determine what cognitive demand 
it made. I'lie sectMid acti\it\ involves scrutinizing the national curriculum for 
progression in cognitive demand. 

In discussing these activities with the student teacher, it would be useful 
tt^ have available eittier or both of Towards a Sdentc of Science 7V(n/n'»i^' (TSST) 
or the 'rhitikin\^ Science ISSli Tpiick'- TSST has a Xlurriculum Analysis 'lax- 
onomy' which offers a comprehensive, if rather complex, method of analysing 
objectives for level of demand, and the INSHT pack uicludes a complete 
analysis of ttie science natiotial curriculum (even though this has been 

superseded, the principle of curriculum analysis remains unchanged). 

i US t nations 

• Direct the student teacher to the activity. 

• niscuss the student teacher's written rept^rts. 

/ )l^^H.^ .Winj poinh 

At tliis stage of the student teacher's development it is enough f(^r these 
activities w be used to p(>int to what many experienced science teachers 
know tacitly ,incl intuitively. 

• Deseription is easier than explanation. 

• l^ipils develop measuring skills alongside tiieir ct>nceptualization of 
\ ariables. 

• Numerical and correlational work aie easier for pupiN if they are rou- 
lini/ed and even rituali/ed. e.g., calculating strengths of solutions; 
ratios of I"l hybrids, and currents in circuits by substitution in untran- 
spose(i etjuations. 
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These observaticMis can be accounted for using Piagetian stages of de\ elt>p- 
nuMit in pupils' thinking. Vor example, algebraic work will only make sense 
to f(»rinal operational thinkers. Number work is within the potential skills of 
late ci)nerete thinkers. Description is easier than explanati()n because it makes 
lower conceptual demands. CJenerally wliat one thmks depends upon how one 
thmks. 



9.3a Analysing Lessons 

StuJcH! 7VtJc/it'r'> Brit'J 

"lasks which demand formal t)perational thinking will be difficult for 
many pupils in Years 7-11 not just becaur^e of language demands (see 

. Chapter b) or unfamiharity, but because they require a higher level of 
thinking than the learners have available. You can use ihh idea in lesson 
plannmg, both to ensure that thinking demands are realistic for a par- 
ticular class, and also to provide differentiation within a les^o^ for pupils 

' of different abilities, 

( )bjcLtii'f 

You shiuild be able to use your knowledge of progression in the devel- 
opment of pupils' thinking to analyse lessons for cognitive difllculty. 

Instructions 

• Review ideas on curriculum analysis by reading Shayer and Adey, 

• L.ook at a lesson plan you have written for a Year *i or 10 class 
C:hapters H and 

• C!t>i)sider in detail the specific learning objectives and the par- 
ticular learning experiences of the lesson. 

What concepts do you want pupils to develop? 
What s()rt of mental constructitMi do you expect them to 
undert.ike? 

How will the learning experiences help them to construct 

the target concepts? 
What level t^f prtK'cssing will pupils retfuire for each part of 

the less()n: e.irlv or late concrete, or ft^rm.il oper.itions. 

• Write .1 brief report on y(>ur .inalysis. 

• Discuss your report with ynur mentor. 
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9.3b Cognitive Demand in Science in the National j 
Curriculum I 

Studrtit Tt'diher's Brief 

( )h}ei iii'e 

You sliuuld be able lo use your knowledge of progression in the devel- 
opment of pupils' tlunkmg to analyse Science in the National C^urriculum 
for cn>gnitive ditficulty. 

itl^lUiillOflS 

• Select an attainment target in Science in the National CAirricu- 
lum dealing with a subject with which you are familiar. j 

• Startnig at the first level of de\ clopmcnt and working through | 
to le\el 10. try to estimate the level of thinking (from pre-opera- | 
tional through to late formal operations) that each makes. | 

• At which level of development do you estimate formal opera- | 
tional thinking to be required? i 

• Write a brief report on your fmdings. j 

• Pisi^uss your report with your mentor. j 



9.4 Promoting Cognitive Development 

i)h}iKtn\ • Student teachers should be able to devise pupil activities that 
might promote cognitive development 



I itut • 3 hours for the student teacher to de\ise, teach. ev/Juate and 
report 

• 7. hour for discussio i with mentor 



MulIi t>t sLience teaching is noimally concerned with instruction: providing 
pupils with knowledge, cognitive and mampulati\e skills, fhe effectiveness 
iMsinution Is hunted by pupils' ability to process informatit^n. We know 
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now that it is also possible to work directly on this processing ability, to 
improve the use that pupils make of the instruction they recei\e. This is 
known as intervention, because it intervenes in pupils' 'natural' progress in 
cognitive development and raises their levels of thinking. One of the key 
elements in this method is cognitive conflict — the setting of problems which 
cause pupils to stretch their thinking powers. (For more detail of the methods 
and results, see Adey and Shayer. 1994; Adey, Shaycr and Yates, 1989). Al- 
though you cannot be expected to go into much detail of cognitive accelera- 
tion with student teachers, they should at least be aware of its existence and 
p(»tential, and have met the idea of cognitive conflict. 

Ifi<t}HL(ions 

• Direct the student teacher to the reading on cognitive conflict. 

• 1 )iscuss the re.iding and direct the student teacher to devise an activity 
which provides pupils with conflict. I'liis should be worked into a 
lesson plan. 

• Arrange to teani-teach as a participant observer with the student teacher. 
tcMching to their lesson plan. 

• Debrief the student teacher and suggest future follow up work of a 
similar nature. 

• Maintaining cognitive conflict is challenging, but not impossibly dif- 
ficult, and is a profcssit>nal skill which may take years to develop. 

• Doing it for pupils of a wide range of abilities is even more difllcult, 
but it is possible. 



9.4 Promoting Cognitive Development 

1 S(udcu( Tcdciwr's Brief 

j 

I Ohjcitii'C 
i 

; You should be able to devise pupil activities that might promote cogni- 

! tivc development. 

i 

i • Read the notes on cognitive conflict below. 

' • Discuss the notes with your menttM-. 

1 O J 
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• Devise an acii\ iiy (or a number of activities) in your own sci- 
ence subject which will generate ct)gnitive conflict. Incorporate 
these into lesson plans for lessons you will be teaching in the 
near future. 

• Discuss your lesson plans with other science teachers and with 
your mentor. 

Revise the lesson plan> in the light of their comments. 

• Team -teach the activity with your mentor. 

• FA'aluate the pupil activity as you proceed. 

How do the pupils react? 

Do you find this kind of teaching hard work? 

Do they fnul it hard work? 

How will yon modify tlie acti\ity for future use? 

• De-brief with your mentor. 



Sotc< on io\initivc conjiiit 

One of the elements of successful ctignitive stimulation is called cog- 
mti\e conflict. This means presenting pupils with an experience which 
they fmd surprising, or difficult to understand, which does not fit with 
their previous understanding and which demands a different uay of 
thinking. Here is an outline of one example: 

A teacher takes his class thrt)ugh an activity on rates of reaction, in 
which the same anu)unt t)f marble chips is added to a series of' test tubes 
each containing the same volume of hydrochloric acid of the same con- 
centratit)n. Hach test tube is at a different temperature and the time taken 
for the niarble chips to dissolve is measured. I'rom this a concrete, two- 
variable, relationship is established: the higher the temperature the faster 
the reaction. The teacher asks the pupils to predict how long the react it)n 
would take at other temperatures, which ha\e not been tried, and thus | 
establishes that the relationship can be used to make predictions. ■ 

Now he introduces a new experiment, measuring the rate of pro- 
duction of carbon dioxide as yeast ferments. Again a range of tempera- 
tures is tried, from just below rt)om temperature to about .^()\]. Again 
it is ^hown that at highei' temperatures the reaction is faster. Again 
predictions are asked for: what will the rate be like at 4()"'C] and at 5()"C1? 
This time pupils are asked to test their predictit>ns — and of course die 
predictions fail! The simple model they have been using does not work, 
and they are forced to re-assess the relationship and seek an explanatit)n 
for the new result. 

Note ihat the pupils have been carefully prepared, they know what 
the experiment is about, they ha\e been led to expect that tliey can 
predict what will happen. Their confusion doe:> not arise because of the 
difViculty of the concepts, nor because of language difficidties. 
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9.5 DifTcrentiation 

Meriior\< Brief 

Objective • Student teachers should be able to plan, organize and manage 
differentiated activities for pupils. 

l ime • 6 to 8 hours for the student teacher to plan, organize, teach and 
evaluate 

• 2 hours for the nientor to discuss, observe and debrief 

Back\irourid 

Student teachers should now have some grasp of a theoretical model which 
provides some explanation for the notion of *diflKulty\ and thereby progres- 
sion. There are iwo traps for the unwary, one is over-estimation and the other 
under-estimation of pupils' capabilities. 

The first is to expect pupils to construct high level abstract models such 
as density, digestion, or chemical bonding from one or two practical activities 
and sets of observations. Even with able pupils this is unrealistic since the 
development of such abstract models requires considerable discussion and 
testing, by the learners, of their ideas in a variety of contexts. 

The second trap is to pitch the whole iesso^n at the level of early or mid- 
concrete operations: providing, for instance, step-by-step instructions for a 
practical with no call on explanations for observations: comprehension exer- 
cises which simply require the transliteration of certain terms or phrases; or 
cut-out-and-paste activities where a clear pattern is given to be followed. This 
is the more insidii>us trap, since pupils rapidly let you know when you are 
making unreasi>nable demands on their ability, whereas it is easy for teacher 
and pupils to enter into an unspoken conspiracy in which teacher makes no 
great demands, and pupils are quietly engaged in busy-W'-*k which has very 
little educational value. 

lnstruLtion< 

• Direct the student teacher to the activity. 

• Discuss the student teacher's plans. 

• l eam-teach the planned lessons. 

• Debrief the student teacher after the lesson and set targets for future 
vv ork. 
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A distinction need^ to be made between giving faster pupils more of 
the same sort of work (which l•^ not very motivating) and giv ing them 
more challenging work. 



Pro<^rcssiOi, in Pupils' Idi'd.< 



One approach is to have a coinnion core starting point followed by 
two sorts of extra work. You could discuss other models that you 
have tried, but remember to distinguish between models which pro- 
vide extra work for faster pupils, and models which provide work 
with different levels c>f demand for pupils at different stages of devel- 
opment of their thinking capabilities. 



9.5 DifTerentiation 

StUik-tU 'rcadwr's Brief 
i)hii\tii'c 

You should be able t() plan, i^rganize and manage differentiated activities 
for pupils. 



hi^truL'tions 



C'lioose a tt^pic which you will be teaching within the next week 
or two. It will probably be best to use Ycir 9 or 10 if the classes 
are mixed ability. 

Use the figure below {o help you to visualize different activities 
for pupils, at different stages of progres>icHi, in terms of different 
activ ities and actions. 
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progress th'O'jgh lesson o: tOD'f- 



U'itllin the topic you plan to teach, identify a set of objectives 
which make a range c^f levels of cognitive demand frcMii early 
ccwicrete ti^ formal operational. 
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j • Now outline how you would arrange the learning activities so 

I that pupils of different ability could all attain the highest level 

j objective of which they were capable . 

: (Possible approaches include providing different worksheets for 

: different pupils; having extra worksheets on hand for those who 
cope easily with the lower level objectives; and arranging the 

i activity so that less able pupils, who are generally slower, have 

\ enough to do at the concrete level while the nK)re able quickly 

i attain the concrete objectives and find themselves with more 

j demanding work.) 

• Discuss your plans with your mentor. 

• Team-teach the lesson using the differentiated activities for 
extension work. 

] • Evaluate the success of the task and plaii for future similar activ- 

; ities. 

j • Discuss your evaluation. with your mentor. 
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Chapter 10 

Assessment 



Aims 

Assessment is a big issue in both the daily life of the school and the way 
schools and schooling are perceived by the outside world. With such a big 
topic it has been necessary to be very selective with what has been iiKiuded 
here. Choices of activity have been made so that student teachers can begin 
to operate etfectively within the constraints of the sy^tcnK and with some pur- 
pose to their choice of pupil activities. Tiie aims of the chapter are therefore 
to help student teachers to: 

• operate the procedures within the assessment systems of the school 

• focus their work within the parameters that are set by school policies 
on assessment 

• gain experience, knowledge and skills in assessment 

• reflect on the effective use of information obtained from assessment. 



Introduction 

hi this chapter, assessment means any method, whether formal or informaK 
tor obtaming mformation about pupil performance. I'he emphasis is nii assess- 
mg performance in science. There is no attempt to deal with cross-curriculai 
assessment, the assessment of generic skills and abilities, and the assessment 
of attitudes and gener.il ability. I hese are uiiportaiit but .ire bes'oiid what 
a new 1\ -qualified teacher needs to know. 

I'his chapter rests {ipow three b.isR re.is(»ns, ot' \arving loc.itioiis. for 
assessment. 

• Intel nalK in the classiiHun: il is im|H>ssihle to tcich elt'ecti\el\ with- 
out knowing what pupils know, understand and c.ui dr.. 

• Fxternallv in the comtnunity: employers and others make use of the 
results ot assessment, and so teachers li.i\e a duty to ensure that their 
;mi|m1s do as well they can in these assessments. 



• Within the school: schot^l systems require that pupils be asscsbed tor in- 
ternal record keeping, remedial action, differentiation and prc^gression. 

These three reastnis enct>mpass the four main purpt^ses tif assessment which 
are given \n the rept^rt i^f the Task Group on Assessment and Testing; that is, 
fornutivc, diagnt^stic, summative and evaluative. This chapter embraces the 
first three of these by dealing with four main areas of work in assessment: 

• I-actual issues — the procedures whieh have to be followed, either 
statut(^rily or by U>cal decision. 

• Methods of assessment — the ways of getting information abcmt pupil 
attainment. 

• Pupil involvement — assessment to help pupils to learn. 

• The theory of assessment — how do we ensure assessment is valid and 
reliable? 

The iheorv of assessment, mainly some simple issues c^f validity and reliability, 
are integrated into the work of the first three areas. Whilst in practice all the 
areas interact with each other, for simplicity and manageability they are dealt 
with separately here. 

The main rationale for the order in wliich student teacher activities are 
presented is that of student need. It is felt that students will need to know the 
pn^edures they have to folk^vv before developing a repertc^ire of methcKls of 
assessment and of the ways to involve pupils. The initial concerns are mainly 
factual and deal with local and national rules, regulations and prcK'cdurcs tc^r 
assessing pupils. Thev cover the framework in v\hich teachers operate. I he 
on-gomg assessment of pupils is a part of normal teaching- They belong 
together in practice but are separated out \or ctMueniencc ot coverage in 
mentoring. Planning assessment should alvva\s take place with a clear idea of 
how the information which is needed will be obtained and how it will be 
Used. 

Activitv 10. 1 introduces homework, marking and record keeping as 
procedural issues within the school's assessment system. Activity U^2 turns 
to external examiiialiiMis which permeate the classroom through continual 
assesstneni and modular tests. The so called 'backwash eftect'. dt^wn froiu the 
exannnaliotis of Year 11 to more junior vears, is imptn tani in shaping class> 
room practice. The planning of teacher assessment of knowledge and cognitive 
skills is the fulls tor activitv l^..^. 

Perh.ips ihr mosi effective learners .ne iliose v\ho .ue selt"-av\ are. lor tlu\ 
know where thev are going .nul lutw far thev have \el to navel. 1 eachers lan 
help pupils become more self-aware ol' their progress m learning. A simple 
lechnujue is to organi/e activities where pupiU share then" expectations i^[ 
the tjuestions thev might be asked m an assessment. Activity 1^.4 is mieiuled 
to prtwule stiulent te.uhers with the oppoitunitv to expeiiment with such 

r: 
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techniques. What is true of pupils is also true tor teachers. Student teachers 
who are self-aware can improve their teaching. Assessment data can be used 
to provide student teachers with feedback on their teaching, and this is tiie 
intention t)f activity 1(^.5. 

Assessing investigations is a part of the on-going assessment of pupils, it 
has given rise to considerable concern on the part of teachers. Many of the 
issues ari.se t>ut t)f adopting particular viewpoints on planning, organizing and 
managing investigations. Therefore this wc>rk is to be found in Chapter 5 on 
investigatit^ns. It is a more useful location in this boc)k because it enables 
student teachers tc^ deal with investigaticMis in one sweep. 

Question and answer rt)utincs which form the chief activity for assess- 
ing pupils' progress ephenierally , and for providing pupils with feedback, are 
dealt with in (Chapter 6. 



10.1 Homework/marking/recording 

Mtfiior'< line/ 

i)hjci!trc> • I"o ensure that student teachers know the prt)cedures for assess- 
ing pupils in the schot)l as part of normal teaching acti\ ities. 

• 'I"o fmiiliarize student teachers with school and departmental 
documentation. 

I'tnu- • 2 t(» 3 hours for student teachers reading documents and noting 

points 

• 1 hour tliscussion with mentor 

hl.-ttlU fli»M.» 

• C'ollect tv>gether the following documents to hand to the student 
teacher: 

stair handbook and departmental handbook 
school and department assessment policies 

copies of aiu relevant documentation which is given l(< parents 

aiul/or pupils, e.g.. homework ti<>tebooks and timetables 
examples of' w i>rk done by pupils which has been marked 
examples of" a teacher's iccoid bt»ok 
a ci>j)y ot' the department's scheme i^f work 
a c(>py (»t'ScH'nie in the National Curriculum 
copies of" end-ot-unit tests and associated mark schemes 
copies ot'the student materials ni this acti\it\ 
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• The student teacher's activity briefs indicate information he or she 
should extract from the documents. This might he best done as four 
separate sweeps tor the information required in 10. la, b, c and d 
separately. 

Familiarity with ihe documents can be increased in this way. 

• Piscuss with the student teacher his or her findings and questions. 

Disiu<<iot} poini< 

When discussing the answ ers to the questions the following should be made 
clear: 

• What the school policy and procedures arc 

• What the departmental policy and procedures are 

• Where the student has choice of action. 



10.1a Homework 

Sludail Tuiihcr's Brief 

I lie ami of this activity is to help you t'liui out what the schooTs luune- 
work pr(ieedures arc vvilhiii its assL'ssuient system. 

f}istttU fh^U> 

• C ollect the matenals tor this activity trom your mentor. 

• Make a fir^t search through the dttcuments to find out as much 
as vou can .ibout the folK>wing: 

the linuiables for settnig and handing in homework 
the time pupils are expected to spend on h^Muevvork 
any sp'xi.d arrangements that exist, e.g., luHnewc»rk clubs 
homework notebooks in which pupils record wiiat they have 
to do 

the involvement of parents, e.g.. signing, or making eom- 

nu'iUs in. the notebook 
procedures f(^r kite or none handing in (^f homevvork 
the haiulhng of parental ( (»mplaint-». e.i;. . not enough or hui 

much homework 

• Write down things that pu/xle you ttr you are iku clear abiHil. 

• 1 )iseuss these pcMiUs wirh your mentor. 
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10.1b Marking Books 

Student 'I'eacher^s Brief 

The aim (^f this activity is for you to faiiiiUarizc yourself with the school's 
marking procedures. 

Instrtutiofis 

• Make a second pass through the docuineius given to you to fmd 
out as much as you can about the following: 

are 'rough' bot>ks and 'best' books used by the pupils? 
do pupils use textbooks? Do pupils hav e one of their cnvn? 
can pupils take a hook home? 

what is the departmental and/or school policy about marks, 

grades, levels, etc.? 
try to see examples of marking done by other teachers, 
w hat is the frequency of marking? 

what are the arrangements for collecting and handing back 

W(^rk diMie by pupils? 
what feedback should be given to pupils? What should you 

do About unsatistacttM'y work, copying, etc.? 

• I alk ti> teachers m other subjects as w ell as in science about what 
they do. 

• N(»te di>vvn an^v questions and uncertamties you havo. 

• 1 )iscuss these points with yi'ur mentor. 



10.1c Recording 

SDitli iii 1 ctu ill 1 Hiii7 

The ami of" this activit\ is ti^ (aniiliari/e v ourselt vv ith the deparlinenlal 
reciwd- keeping procedures and systems. 

• l"ri»m the materials given to \ou search throngli them lor a third 
time to tind out the lollowmg: 

how IS a teathei>' record hi»ok used? 
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what UbC is made of portfolios and other methods of retaining 
samples of work? This links with activity 10.2 which deals 
with the key stage 3 tests and the GCSE. 

does the school use a system of profiles and/or records of 
achievement? 

how does this operate? The amount of work done on this 
will depend on the emphasis which the school gives to 
these. 

• N(nc down points that need clarification. 

• Discubs your points with yt^ur mentor. 



10. Id End-of-unit Tests 

sStudcnt YVtu/icr'.s- Brief 

hi this activity the aim is to find out the procedure^ for dealing with 
marks that are compiled fron) end-of-unit tests. 

lust nut ion< 

• Search the documents for the last time to find answers to the 
following: 

what are the general arrangements for these tests? 

(End of unit tests are distinguished frcmi GCSE end-t^f- 
mcKiule tests if the schcK^I is fc>lKuving a modular syllabus.) 

where are the tests and marking schemes stored? 

what IS the s\ stem tor gaining access to them? 

how are the results used. f(^r example lo pres ide feedback 
pupils c^r to be stored for Key Stage 3 summati\e purpt^ses? 

• Note down thing^ that puzzle yt>u. 

• Discuss the points yiui don't understand with yt>ur menttT. 



10.2 External Examinations 

( )/»/(. fit ( • l o ensure the student teacher knows the procedures {'or assess 
ing pupils at the end of Key Stage 3 and Kes Stage 4 and i 
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familiar with any other formal aNNCssiiients, such as A-lcvcl and 
CJNVQ. which may take place in the school. 

Tinie • 2 to 3 hours for student teachers reading documents and noting 
points 

• 1 hour discussion with mentor 

Bihkiiiromui 

Where external examinations are concerned, the requirements of student 
teachers will depend on what classes they are teaching. While only some 
schtH)ls are involved with CINVQs and/or A-levels and AS-lcvcls, all second- 
ary schools arc involved in statutory assessments for Key Stages 3 and 4, I'or 
this reason this activity concentrates on the Key Stage 3 tests and the CiCSl:» 
luns ever the issues ct>\ercd should be extended to any other formal examina- 
tii>ns with which the school may be involved, 

Hoth the Key Stage 3 assessment arrangements and the C^CISH m\ol\e a 
formal written examination and teacher assessment of pupils. This activity 
ctMicentrates imi the procedures which ha\e to be followed in relation to both 
of these. 

• Ciollect ti>gether the ft^llowing documents for the student teacher to 
re\ iew: 

copies of relev.uit statutt>ry instruments, cu'culars and the latest 

infoi inarit>n about the Key Stage 3 tests 
examples of previtnis Key Stage 3 tests 

ci^pies of the regulatitMis and syllabus(es) Cor the CIC-SK Bt\ird(s) 

Used by the school 
copies of past examinatitMi papers 
a copy of the department's scheme of work 
a copy o\ Science in the NatitMial C.'urriculum. 

.'\ goud way i^f Covering the prticedures which ha\e to be folKnved for tlu- 
external examinativuis is b\ discussitMi with the head of department. While 
there are similarities between the procedures for Key Stage 3 and Key Stage 
4. the differences are such that it might be best tt> deal with the two key stages 
scpai ateU . 

1 he stiidtiits shi'uKl have an.LS^ ti> all the iiiatenals luentKMU'tl ab(»\c ,in(l 
should liav e iheir in\ n k ojM' ■ of the tUpai tmeii(\ scheme ol \\ ork and St. leiu e 
m the National Ciun ieulum. lk*(ore any discussion takes place it is helpful tor 
the stiuleiUs to be familiar with the nmteiits of the abo\e m.iterials. {'o guide 
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thcni in their reading they can be given the list of issues which will be 
discussed under the two headings shown below. 

Discussion points 

Discussion and clarification of the above issues are important. At the same 
time the structure of science in the National Curriculum should be made clear 
and related to the schcnie of work of the department, particularly if this has 
not b^en done elsewhere. As discussion takes place it is ine\ itable that other 
important matters will emerge such as the reasons behind the choice of a 
particular CJCSE syllabus, the teaching of integrated' science or of separate- 
subject science. 

! 10.2a Key Stage 3 

i Student Teacher's liricf 

I 

\ T'he assessment arrangements for Key Stage 3 are governed by Statutory 
i Carders which are issued each year. The arrangements may, therefore, 
change from one year to the next. 

The f( allowing are currently the main issues which should be clarified. 

hi>truLtion.^ 

• Read the dticuments you have been gi\cn and find out as much 
as you can abcmt the following: 

the arrangements for writing and issuing test papers and 

mark schemes 
the arrangement t>f the written papers 
decisjiMis about entering jnipils ft»r the most appropri.ue 

tier(s) 

arrangements fc»r pupils with special needs 
.ibsence fr(Mn s(»me t>r all of the tests 
marking and rect^rding 

teacher assessment needed in all attainment targets 
the metlinds of dtMiig teat^her assessment aie decided hy the 

scllot >1 

arrvingements for arriving at uHiinuin standards 
making decisions abtuit a final le\el 
separate lepoiling ol"itMLhci assessment and test results 

• Agvim note down things that do not make sense to vtui. 

• 1 )l*^^uss \our points with \our mentor. 
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10.2b Key Stage 4 (GCSE) 

ShidcH! Teacher's Brief 

The GCSH is the means ofassessing pupil performance at the end ofkey ; 

stage 4, and the detailed arrangements are determined by the relevant \ 

Hxamination Board. Some of the issues are the same as for key stage 3. ■ 

The major differences are as follows and should be discussed. ; 

• There can be a single subject, a double subject or Biology. ; 
Chemistry and Physics taken together. The relevant syllabuses ; 
are issued by the Board, and the school will have made decisions j 
about what is available to the pupils. ; 

• Hxamination papers are marked by an external examiner. | 

• Teacher assessment is needed only in Attainment 'Target 1. j 

• The Board will ha\e issued guidelines for dicing teacher ; 
assessment. 

• The Board will have made arrangements for arriving at common 
standards. ' 

Through this activity you should become more familiar with CiC!SF. ■ 
procedures. 



• Read the documents you have been given and find out as much 
as you can about the following: 

syllabuses which are available 

writing and marking t)f examination papers 

what teacher assessment is needed 

guidelines for doing teacher assessment 

arrangements for arriving at ctimmon standards. 

• Write down points that need clarification. 

• Discuss these pi^ints with yt>ur mentor. 



10.3 Teacher Assessment of Knowledge and Understanding 

Ohjcinve^ • Student teachers' should be able to plan the assessment of 
pupils in relation to their knowledge and understanding o\ 
science. 
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• Student UmcIkts' should be able to carry out the assessment 
ot pupils ill relatii)ii U) their kno\\iedt;e and understanding 
of science. 

yitiic • The activity extends t)\cr several v\ceks and forms a major part 
of the teaching and observation activities of the student 

• 'A hour discussions witli the n\entor on assessment proposals 
and evaluations throughout teaching practice 

Student teachers will need to know how the on-going assessment of pupils 
can be used to help pupils progress (formative purposes), and also how the 
assessment contributes to the decisions made about the pupils at the end of 
each key stage (summativc purposes), I'his will involve knowing what infor- 
mation is needed and how it can best be obtained, 

I'he student teacher slu)uld plan one or more lessons taking particular 
care to identify the learning outcomes expected of the pupils and to make clear 
how the achievement of these outcomes will be checked (see Chapter 4 also), 
A gi)<.)d way to start this is to be inwilvcd in the planning of a lesson which 
will be taught by another teacher, and then to observe the lesson or do some 
team-teaching concentrating on the assessment opportunities and the informa- 
tion (obtained from the assess meius. As confidence and expertise grow, stu- 
dent teachers can plan for assessment in their own lessons. 

One f(^rniat lor a plan is gi\en in the student's sheet, others are gi\en in 
ICiUhcr /\>y('y>7?iCMf iti Ihaciicc (SKAC, \W2), Any system which enables the 
student to ccMicentrate on wa\s of getting specific information about pupil 
altamment can be used. 

• C'ollect the follmving documents to hand to the student teacher: 

a copy of the department's scheme iif wi)rk 

a cops i^f the NatuHial Curriculum in Science 

a Copy of Tchhc) A^so^fium in Ihiuticc (SI! AC, P^^^J) 

cojMes t»t" end-of-unil tests ,md asst)ciated mark sciiemes 

copies of the student materials m this activity 

• 1 )ireci the student teacher to read the student teacher activity. 

• Piscuss (he student (eachet's planned assessment, 

• lU'MCw the use i^f the assessment with the student tcu her, 

• It IS unlikely that any one Icssimi will provide oppi>riunities to use a 
wide range of assessment iiietlunls, and so this planning exercise shoukl 
be repe.ited with other less<uis which otter other opportunities. 



Assessment 



Discussiou points 

There should bo opportunities to discu.ss the planning task with the student 
tc. .her. The following are some of the ptnnts which should be covered; 

• In which Year are the pupils? 

• What attainment targets are ctncred? 

• Does the plan indicate that a variety of teaching methods will be used? 

• What range of levels is being co\ ered? Is the range appropriate for the 
pupils? 

Lev el 4 ~ average 11-year-old 

Level 5 - average 13-year-t^ld 

Level 6 ~ average LS-year-old 
A common n.istake is to try to cov er too wide a range of levels in one 
lesson. 

• What image of investigations is in mind? 

Are the SoAs covered as part of an investigation or are they being 
covered in a 'piecemeal' way? 

• Is it clear how the assessments will be made? 

• Will the assessments get information about individuals (e.g.. by mark- 
ing the work of indiv iduals) or about the class as a whole (e.g. . by whole- 
class questioning)? 

• Is the proposed method of assessment (column 3) appropriate for get- 
tmg the information in column 2? (This is about validity) 

• Slumld teachers do a lesson-planning sheet for each of their lessons? 
WMiere does the balance lie between ii^ood preparation and heart failure 
through over-work? 

• Is this planning sheet more useful for planning assessment into a topic 
rather than intt> a single lesson? (A topic plan is likely to be nu>re per- 
manent and capable of being given to other teachers as a part of the 
department's scheme of work. However, it is probably unrealistic at 
this stage to expect a student to plan a whole topic). 



10.3a Planning Teacher Assessment of Knowledge and 
Understanding 

SutJi'Ht I'lihlu f ' Ihicf 

Puling the course t>l' this activiiv you should plan several assessments 
lor lessons taking particular care to identify the learning outcomes ex- 
pected of the pupils and to make clear how the achievement of these 
ouuomes vv ill he checked, 

. IS! 
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lu<(riht{on< 

• RcMci the 'Notes oil forms of c\ idcncc' bcK>w. 

• l^iaw up assess 11 unit sheets similar to the one below U>r lessons 
which you will be teaching. 

• Discuss your assessment plans with your mentt^r. 

\\Ut'< I VI [onus of evidence 
C^olleaion of pertiuuient iufowiiiiion 

hiformatioii obtained from class tests is a gcuKi source of permanent 
information which, if not carcfuK can become the only source, riic 
normal class work and homework done by pupils gives goc^d additional 
information which siiould not be ignored. For this reason, opportunities 
should be prt)vided for pupils to work on tiieir cnvii, e.g.. writing their 
t>wn notes; their own answers to questions; their cnvn explanations; 
even though they may have been working in groups. It is necessary t(^ 
make clear to pupils what 'the rules of the game are'. 'You have been 
working in groups for the past 2') minutes. Now I want you each to 
write down in your books your cnvn conclusions from the discussions. 
1 will give you five minutes and there is to be no talking in this time.' 

Reioriiin<^ of ephetneuil itifen}iiUiert 

This is a matter of having clearly in mind some ot' the learning outcomes 
which are planned for the les'v>ii and which might be revealed by the 
actions of the pupils and by the discussions which take place with ei ;h 
other and with the teacher. CM' particular interest are a^*^'^'* if safeiy. 
reading mstiuiiients accurately, contributitMis mad*^ ' luuals. and 

the understanding of individuals about what is happening - activities 
which do not easilv give rise to a permanent record and so have to be 
seen at the time. 

(lood lesson planning is necessary so that there is an opportunity 
for you to observe and talk to individuals and then to in. ike occasional 
notes ill your record bot^k .md .ilso to write comments on pupils' books. 
It will not be possible \o do this tor all pupils in the course of one lesson, 
but over a period of time which involves several lessons most |nipils can 
be cov ered. 

It is olU'ii sensible to ctMiceiitrate on jntpils who have dilficulty in 
writing down their itleas. .nut .iNo to Kx^k particularly at pupils about 
vvhi>m there is a lack of mt'ormation foi one reason or aiu>tlier, e.g.. 
absence, peison.il prt^blenis, disruptive behaviour, not talked to bv the 
teacher for some time. Mecisioiis about which pupils will be looked at 
slunild be made while planning the lesson. 

Below IS an example of\i planning sheet tor assessment ni a lesson. 



Assessment 



The main purpose is to ensure that the methods of assessment in column 
3 are suitable for cheeking the proposed learning outcomes for the lesson 
given in column 2. 

Topic Acids and alkalis 

Lesson Establishing the meaning of pH 



Tab'e W An e\ar'D'e of a D ann,r\Q $neet for assessn-^e'^t r essons 



Activ'ties 

j U^sder this heading, set 
- out tne activities which 
' t^e puDi's vvii' be domg 

For exaniQie 
] • Class d'scussion of the 
I Tieaning of acid'ty 
; • Inoividuai reading ana 

making notes about 
; dH 

• Ind'V'dua! waiting of 
answers to some 
Q'jest'ons 

aDout pH values 

• in pairs writing down 
the D'an of an 
ovpc'.nieni to 
Oete^m^ne the pHi of 
d ffe'e'.t 'vater'a's 



Learning outcomes 

In this column. 
g)ve a hst c; what 
It .s the pupils 
are expected to 
learn Some, out 
not necessarily all. 
of tho outcomes 
should relate to 
staten^ents of 
attainment in 'he 
National 
CurricutjiTi 



Methods of assessment 

Details of the ways n which 
information will be obtained 
aoout pupils' attainment of 
the expected learning 
outcomes should be given 
For exampie 

• Talk to a few selected 
■ndividuals as they are 
making their notes about 
pH Concentrate on those 
pupils who have difficulty 
.n writing or about whom 
some specific mforniation 
is needed 

• Collect m books at the 
end of the lesson ar\d 
ma^k the notes and the 
answers to the questions 



Any system which enables yctu ti» ctMicentrate on ways of getting 
specific information abi>ut pupil attainment can be used tor planning 
iesscMis- 

It is unlikely that any one lesst^n will provide opportunities u- use 
a \\ ide range of assessment metlu>ds, and so you should do this planning 
with other lessons which ti>gether will t^ffer a variety t^f opportunities. 



10.3b Carrying out Teacher Assessment of Knowledge 
and Understanding 

S(}iiitnf rtiuhet'- lUiej 

• 1 each stMUc or all of a lesson which you have planned in activ ity 
10. 3a. 



Lcamtti^i to 'leach Science 



C'hcck whctlicr tlic three columns in the planning sheet match. 

That is, did the activities in column 1 create the required learn- 
ing outcomes in column 2\ and did the methods of assessment 
set out in column 3 give information about the learning 
outcomes for individuals and/or for groups of pupils? 

Discuss your evaluation of the assessment you planned with )our 

mentor. 



10.4 Using Question Writing as a Technique for Pupils to 
take Control of their Learning 

Mentor's Brief 

i)hjeitii'e • Student teachers should be able to involve pupils in using 
assessment of learning objectives to guide and motivate their 
own learning. 

linie • Several lessons for the student teacher 
• '/; hour discussiiHi with mentor 

Hoichi^jound 

IVachers know what they want their pupils to learn. Teachers also know how 
the pupils will be expected io show what they have learned in assessments. 
I his information should be shared with pupils so that they can take control 
of their own learnmg. Pupils have to be helped to disentangle the essential 
learning outcomes from the metht^ds which are used in the teaching. Vov 
example, a word search properly used can help pupils to become familiar with 
essential vocabulary and to learn important concepts. However, when asked 
to do some revision, the pupils may look back on the word search activity 
which is in their exercise books and wonder why they did it and what the 
messages are. They are unlikely to be given a word search activity in a test, 
and so in this case the method (^f teaching is ntn the same as the method of 
assessing. Teachers know this, but the pupils do not unless they are [ok\. By 
extensu)!), student teachers also need to learn this. 



In>t}iictiofi> 



CollcLl the lollovvuig nialenals: 

a copy of the departtiient's scheme of" work 

a copy of Science in the National C!urriculum. 
Help the student to identify the learning cuitcomes for a lesson which 
the student will teach. 



ERIC 



/.V-/ 



A<<cs<t}ictit 



• Sit in on the Icnscmk particularly at the ciuL or do sonic tcani-tcachnit; 
with the Ntudcnt. 

• After the lesson discuss what happened. 

nistU<<ion points 

Trv to identifv the successes so that they :an be repeated. Try to distinguish 
Nvhat did not work because of the inexperience of the pupils from what did 
not work because of mistakes made in the teaching. 

Use the experience of this lesson to help the student write a pupil prompt 
sheet for a unit of work. This is quite a demanding task which requires 
striking the right balance between a lot of detail which is difficult for pupils 
to embrace, and too much generalization which will mean nothing to the 
pupils. Monitor the use of this prompt sheet by taking part in one or tw o 
lessons while the unit is being taught and b\ discussing progress with the 
student from time to time. 

10.4a Using Question Writing as a Technique for 
Pupils in Lessons 

S Hill en I Tciuhi r\ Hricf 

This activity is designed to help \ou to help pupils monitor their own 
performance. The main aim of the activity for pupils is to get them 
thinking of the kinds of questions they will have to answer when they 
are assessed. This will help them m their learning. 

• C hoose a lesson which you are gcnng to teach soon. 

• Write down the important leannng outctMiies of the lesstMi. 
Alongside each one write dow n what the pupils will have to do 
in order to show their learning. 

• Put these into a torm of words which the pupiU will understand. 
Vou should ha\e something like the folUuving. 

Learning outcomes What you have to do 

Understaiul the meaning of pi \ He able to write dtnvn the pi \ values 

{'or acids and ft>r alkalis. Ch\e the 
tohuits foi tlUVetenl pi 1 values 

• Plan the lesson so that you ha\e a few nunules at the start to 
explain about the learmng outccunes. and about 20 miiuites at 
the end to diseuss the outcomes with the pupiK. 

J 30 I' 



• At the start oi' the lesson give the intbriiiatioii to the pupils, 
preferably in writing. Tell tliein this is what the lesson is about 
and that you will say more abi)ut it at the end of the lesson. 

• hi the last 20 minutes o( the less(Mi do the folU)wing: 

give the pupils a question {it can be an oral questitm) which 

is abtmt t)ne of the things they have to know or be able 
• to do folltnviiig the work in this lesson 

alUnv time for them to think about the question, then give 

them the answer 
ask the pupils to write their (nvn question about things they 

have learnt in the lesson 
ask some of the pupils to read out their questicni and other 

pupils to give an answer 
comment on the questions and the answers 
tell the pupils this is what they should do when they are 

revising. 

• Discuss the lesson and the usc of pupils' questions as a guide 
to learning with your menti>r. 

The idea of pupils writing their own questions in order to test their own 
understanding is likely to be new to the pupils, and is not easy. I hcy 
will ha\e lo be helped, and lhe\ need to dc> it more than once o\ct a 
long period i>t time. 



10,4a Using Question Writing for Pupils in Modules 

SiHiit'tit rciiilia'> Brief 

The same technique i>f pupils' questions can be extended into a complete 
unit or module. 

1 he aim of this activity is io gi\e you simie experience with this 
way of working with pupils. 

• Locale the pupiN' object i\es, or re\iMon sheet, in the fdes for 
the sclicmc of work \ov the unit or module and copy it for 
the pupils. 

• (ii\e out the objecli\es, or tcviskhi, sheet at the start of the unit. 

• I-xplain it briefly tp the pupils and tell them to keep it safely 
because ycui arc going to refer ti> it frequently while the unit is 
being covered. 
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• As you leach the unit make use of the prompt sheet in the fol- j 
lowing ways: | 

at the start of a lesson show the pupils what you intend to j 

cover I 
at the end of a lesson show the pupils what has been done 

ask the pupils to write their own comments on the sheet, i 

• Occasionally do the question writing sessic)n as described above, j 

• Talk to individuals about the sheet. Ask iheni if they can do the j 
things in the 'What you ha\e to do* colunm. • 

• At the end of the unit ask the pupils to use the prompt sheet as i 
a revisic>n sheet. ! 

• Use the prompt sheet to write an end-of-unit test. , 



10.5 Using Assessment Data as Feedback on Teaching 

Mentor's Brief 

Ohieairc • Student teachers sho ild be able to use assessment data to pro- 
vide infcirmation to guide modification of their classri>om 
teaching and schemes of work. 

ritnc • 4 to 6 hours for the student teacher ti> sift pupils responses, 
reflect and write a report 
• 1 hour discussii>n with mentor 

liihL\roiitui 

A claim Xo professionalism can be interpreted as a claim t(^ critical evaluation 
of one's mvn work and a sericuis attempt tt) achieve, and raise, standards of 
practice. The data collected on pupils' perft^rmance in assessments can be 
used to r. ' the standards of tuir teaching, hi a well run department this is 
carried out s\ steniatically and the results shared cc^rporately. Student teachers 
need induction into their pn^fessioi^ by being gi\en the opportunity to act 
professionally. 

• Decide upon when it may be useful ftir the student teacher to carry 
mit this task til their teaching practice. 

• Decide upon which unit or iiukIuIc of work should be looked at in 
this way. Refer to the work on revising a scheme of work in activity 
4.5 and combine analysis of pupils* test responses into that activity if 
vou think this best. 

IS7 




• C^UIt guidance on the .iiuilvsis where pc^ssihlc. 

• Read and diseuss the student teacher's report on revisions suggested 
followine; their research. 



Some teachers might express concern o\er tiie mechanization of the tevision 
of schemes of work in this way. This activity does not take away the need for 
skill, insight, creativity and flair. Without these a scheme of work can be arid 
and of little help to other teachers and pupils. The deliberate review of pupils 
answers, not for marking purposes but for research purposes, can be revelatory. 



10.5 Using Assessment Data as Feedback on Teaching 

SiuJcut rciuhcr's Brief 

How much pupils know about the t{)pics you have taught them, and 
how much they can use their cognitive skills to work within that topic, 
depends in part upon yout- skills as a teacher. In assessing the pupils you 
are in some ways evaluating ytnir teaching. The assessment data on any 
one pupil contains iiUormatRin on that pupil. I'he assessment data on 
the class as a whole contains inU^rmation about the activities, teaching 
sequence and scheme of wt^rk that you put into effect. I'his activitv- is 
intended to help vou review pupils' responses to test items and to reflect 
on the implicatK>ns foi- your choice t^f activities and scheme of work. 



(..ollect pupils' scripts for an end of unit or module test for a 
Work that v'ou have taught. 

Scan through the pupils' scores on the test items. 

|-ind the items that were easiest and those that were answered 

least well. 

Start with the test item that had the lowest facility: was nu^st 
poorly attempted. 

Refer to the objectives of the scheme of work lo refresh your 
memory on what the pupils should have achieved. 
Decide if the test item matches the learning t^-Jiectives in the 
stht'iue ot" Work or iu>t. 

It" It dt»es not then the test item will need replacement. 
If the test Item does matth the learning obiectives, then decide 
it' the test Item hat! low tacilitv because pupils misunderstood it 
or not. 
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If it has been misunderst(>t)d then it will need rewriting. 

If the test item has nox been misundersttuui, then turn to the pupil 

aetix ities for that bit of wc^rk. 

Decide how the work must be changed for the next group of 
pupils. 

You might ctmsider dtiing the folUnving: 
changing the sequencing ot' activities 
replacing an activity 
modifying the structure of an actixity 
re-wording an acti\ity 

modifying the tasks (or pupils in the activity 
presenting the information in the task using a ditTerent mode: 
graphical, textual, pictorial, diagrammatic, etc. 

Repeat this with test items of the next lowest facility until you 

feel you have covered as much as is sensible. 

Write up your proposed amendments to the scheme oi wt^rk. 

Discuss your write-up with your mentt^r. 
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Chapter 11 

Progress and Potential 



Aim 



"IhiN chapter aitns to provide a framework for working with student teachers 
as they progress tlirougli their time witli you. 



Introduction 

The chapter cont.iiiis student activities and background reading for mentors 
and is designed to be used following this timetable 

At the begimiing of the student teacher\ time in school: 
11.1a CJettmg to know each other 
1 1 - 1 b Needs and w ants 
11.1c F-acnig problems 

After the student teacher has been ni sch(H>l for se\eral days: 
1 1 .2a r.irgets and giKils 
11.2b Assessing st.irting pc^sitions 

After the student .Mcher has taught a few lesscuis: 

11.3 What piogress have 1 made? 

After the student teacher has taught for a few weeks: 

11.4 Mid -term rev iev\ 

Al the end of the student's teaching practice: 
1 1 .S I mal tlu>ughts 

The first cluster (>f activ ities is ttesigned ti^ pr(nide an oppiM'tunity to induct 
student teat-hei > into the tlepartnieiit. l .ich tiepartnieiit has its own \\a\ 
d»Mng this and \(ni m.iy .ilre.ui\ have staiut.ird priKcdures. It may be th.it the 
X letting t(» know each luher* at tivits is dtuie informally at a local pub rather 
than as a formal activity in s(.1uh)1. I lowe\er, the quicker that the relationship 
between vi>u and the student teacher is established the better. 
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The student teaclier\ institution will run its own assessment system and 
should train ycai in how it works. Activities in 11.2a, 11.2b» 11.3 and 11.4 are 
designed to complement whichever system that you have adopted and not to 
replace it. The activities tocus on the I)F*Es list of eonipetenccs (Appendix 1) 
which were published ni their Circular V/^>2. rhese provide a framework for 
assessing progress in learning to teach but they do give a restricted view of 
what it is to be a teacher and should be treated as sueh. 



11.1a Getting to Know Each Other 

Mentor's Btu:f 

Aim • Vo fnui out more about e.ich other so that you cafi build the rela> 
tionship between you and the student teacher and so that \\)U can 
begin to respect each other's experiences and perccpticMis. 

Tifftc • minutes discussion with mentor 

We realize that individual dep.utments may well have established strategies 
k>r making the student teacher teel one t^f the department. You may already 
know stunething abiuit the student teacher from their training institution. 
I he key point in this activity is to ensure that both you and the student 
teacher ha\e an opportunity to talk with each other, at some length, some- 
where relatively quiet and unhurried. Often snatched ct)n\ crsatitMis during 
break do not lead to the etVectivc tbrmation of a good relationship. 

hhtriu fions 

• St.ut by .isking the student teacher these questions {amend this list 
as \()u think appropriate): 

'X hen did you decide that you wanted to he a teacher? 

What intlueiiced you to he a teacher? 

What do you expect to gain from teaching? 

What do you think ihe positiv e points ol* te.u.hing are? 

What do you think are the biggest challenges that teachers tace? 

What are your biggest concerns about teachifig? 

What would you like to be doing in a few years time? 

What kind of teacher do you u .ini to be? 

Imagme yourself le.iching in a few months time it' I walk into 
the room, what will 1 see? What will you be doing? What type 
of \uniosphere' will \ou be trying to create? 
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n.la Getting to Know Each Other 

Studctu Teacher's Brief 

] The relationship between you and your mentor critical to your progress, 

; The aim of this activity is to provide an opportunity for you and your 

i mentor to find out more about each other so that you can begin to build 

I that relationship and so that you can begin to realize each other's experi- 

I enccs and perceptions, 

J Ifisnutiions 

! 

• Your mentor is going to ask you a series of questions about 
your previous experiences of education and about your ideas. 

• You are going to ask your mentor the same questions at son".c 
point during the session, 

' • Make a note of the questions on paper. 



11.1b Needs and Wants 

Metuor's Brief 

i)hieLiii'e • Student teachers slunild know the essential basic information 
about the science department. 

Time • 1 hour for the activity 

• V.' hour discussion with mentor 

Biick'^^tound 

It is assumed that the student teacher has had a general briefing about the 
scluH)! and that they ha\e iiad an opptirtunity to read any briefnig notes, 
department and sl1uh)1 haiulbiH)ks, 

In^trui tion< 

• Although It is assumed that the student teacher has read any docu- 
mentation piDVuied, \ou mav wish \o ha\e copies of the following 
tt> hand: 

school prospectus 

school/staff handht)t)k and/t)r policy statements 
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deparinicnial handbook 
sclicincs of work 
examination syllabuses 

safety information (CC)SHFi forms, Hazcards, etc.). 

• Hxplain to the student teachers that the purpose of the activity is to 
help them to become more familiar with science in the school as part 
of the settling in process. After listing and grouping their immediate 
needs and wants (e.g., questions about the department, questions 
about the school), the student teachers should rank the questions in 
order of importance (1 = most important), within each group. At a 
pre-arranged time, you should go through their questions and provide 
either the answers or indicate where the answers can be found. 

• it is impossible to list all the things that students should know at the 
beginning of their teaching practice but the following examples nia\ 
help to structure your discussion with the student. 

People: 

What do I call people? 
Who is in the department? 

What responsibilities do members tif the department have? 
Policy: 

What discipline procedures exist in the department? 
What homework must 1 set? 

Procedures: 

Who do 1 ask about doctor's appointments? 
Where dt) 1 get photiu'opying dtnie? 
Cc\n 1 get a key for the labt)ratt)ries? 

Disatssion points 

I ia\e the student teachers asked questit)ns that they should know the answers 
to already (through reading documentation already given to them)? If so, find 
out if they haveift read the material or if the material is unclear. The student 
teachers should lia\e a permanent record t^f the points made during this activity 
for future reference and should be referred to that record as and when necessary. 

. j 

11.1b Needs and Wants 

Stiiiicnt ' I \'iu iter's li)icj 

Vcui .ire a newccuner: you ha\e enteied the scluu^l knowing httle about j 
the people, the place or the policies. You have some immediate needs j 
and there are some things that you want to do or to find out. 



( )hicL(ii'C 

You sliould know the essential basic iiitorinatit)n about the science 
department. 

• List on paper your immediate needs and wants. 

• Put the questions intt) groups depending on their content (e.g.. 
questions about the department: questions about the school). 

• Rank the questions in order of importance (1 = most important) 
within each group. 

• Your mentor will now go through the questions with yc>u and 
provide either the answers or indicate where the answers can be 
found, 



11.1c Facing Problems 

\JaUor'< Brief 

Ohniiirc • Student teachers should discuss possible problems and agree 
ways tt> preempt them. 

II nil • /; hour for the student teacher 
• 'A hour discussion with mentor 

litHh\^ round 

The student teachers should have seen a few lesst)ns st) that they are in a bet- 
ter position to imagine themselves as teachers. They should have re<id tlu 
appropriate school and department guides. 

The assumption made in this chapter is that teachnig is problematic aiu 
tliat. as a result, trcUning to be a teacher is prt>blematic too. This is a reast)n- 
able proposition gi\en student teachers' ctuiiments about teaching practice 
However, the majority of the prt^blcms involved are foreseeable and soluble 
"I his activity focuses on the possible prt^bletiis that student teachers niay fact 
tiirough their own actions, through the actions of tuhers or thrtnigh a com 
hination of both and on possible strategies ft)r deaiitig with thetn. 

• I xplain to the student teachers that the aun of this activity is to raise 
then- awareness ot' possible problems that they may ericountcr so as u 
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agree ways in which the problems can be preempted. After having 
had time to write down as many possible problems that they think 
that they may experience, they then group their problems and prioritize 
them. Your task then is to go through the lists discussing the points 
and helping the student teachers to come up with realistic ways to 
preempt the problems. 

The most common problems that mentors and student teachers report 
can be grouped as follows: 

Before/after lessons; 

Ordering apparatus — not ordering in advance. 

Planning — inappropriate or unrealistic plans, insufficient differ- 
entiation, unrealistic timing. 

Marking/assessment — infrequent, incorrect, unhelpful, too long 
in being given back. 

During lessons: 

Class management — No time warnings, apparatus not distrib- 
uted adequately, apparatus missing at the end of the lesson, 
pupils not organized adequately. 

Safety — warnings not given, dangerous situations not noticed 
or averted. 

Attitude towards pupils — too timid, too aggressive, unfair. 
Delivery — too high, too low, confusing, too fast, too slow. 
Presentation skills — writing unclear, poor use of colour, un- 
focused OHT. 
Subject matter — incorrect. 
Discipline — too strict, too soft, unfair. 
Lots of activity but not much thinking. 
Lack of variety. 

Questioning — not enough, pupils shouting out not 'hands 
up\ same pupils answering, same type of question. 

Not concerned with lessons: 

Attitude — towards statV — too timid, 'know all', 'thoughtless'. 

Punctuality. 

Motivation. 

Appearance. 

Some problems may occur even though the student teacher has not 
done anything wrtMig. They include: 

Other teachers not being helpful — 'too busy', 'rubbishing' student 
teacher in front of pupils. 

Technicians not being helpful, 
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Other teachers are poor role models. 

Senior management not backing up discipline procedures. 

Poor or missing schemes of work. 

Inappropriate curriculum (national curriculum/exam board syl- 
labus). 

DtscHSsioti points 

in some ways this is the most important activity in this chapter. Bringing 
your experience to bear positively can make life easier for you. the student 
teacher and the pupiK. Raising issues now will make it easier to discuss them 
in the future. Obviously talking about problems is not the same as facing 
them in the classroom but the purpose of the exercise is to act ab an advanced 
organizer — giving them a map of the minefield. The student teachers should 
feel that they have a clearer awareness of the most likely problems that may 
occur and should ha\c an understanding of the strategies that may preempt 
some of them. 

11. Ic Facing Problems 

Student 'rciuher's Brief 

I CioiKl teachers are able to deal with problems as and when they occur. 

Better teachers are able to preempt some t)f those problems by applying 
' their experience or by thinking 'what if?' As a student teacher you will 

inevitably have prc^blems. 

' Ohjcitive 

^ou should discuss pi^ssible prt^blenis with your mentor and agree ways 
to preempt them. 

! In, struct ions 

• Write down as many possible problems that yt^u think that you 
may experience during your time in schot^l. Ytni only have 15 
minutes for this part (^f the acti\ity. 

• CircHip the pn>blems in st)me way (e.g.. before, during and after 
lessons or teachers, technicians, pupils and parents. 

• Niuv. priiM'iti^e the problems in each grtnip. 

• ( you think t)f ways tc^ preempt the most significant problems? 

• Y(uir mentor will go through the lists discussing the points 

1% 
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11.2a Targets and Goals 

Mentor's Brief 

Ohjeitivc • Student teachers should know what is expected of them during 
their time in school and should be able to explain the pro- 
gramme of activities that has been made for them. 

^i'imc • 1 hour for the student teacher 
• V: hour discussion with mentor 

It is assumed that the student teacher's timetable of classes, boih for observation 
and teiiching. is known at this stage. 

Inst nut ion< 

• Materials needed: 

start' handbook and departmental handbook 
student teacher's timetable 
class lists 
schemes of work 

Science in the National Curriculum 

Circular ^)/^)2 competence list (see Appendix 1). 

• Circular 9/92 is a good place to start in terms of a list of sonjc basic 
teaching competences. Hxplain that, during their time in school a 
student teacher is expected to demonstrate competencies in teaching 
aiid to become a professional in terms of attitude and behaviour. The 
student teacher reads the list of competences and makes notes when 
something is not clear. Your role is to clarify the pi>ints that the 
student teacher fmds difficult lo understatui (based on your experience). 

l)isCU}'<iiott poitit< 

it IS important that the student teacher knows what is expected of him ov her 
by the teachers, the technicians and the pupiU. i lie student teacher should feel 
that tliey know the boundaries within which they can operate and should feel 
comft)rtable working within them. 

^ i- JL 
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lL2a Targets and Goals 

Student Teacher Brief 

^ The Giu crnnicnt. acting on the .jd\iee of the Council for the Accredi- 

i taticni of Tcaeher Education (CA\*E), haj> laid down criteria (Circular 9/ 

I 92) for courses of initial teacher training. Although not exhaustive, they 

' give a clear indication of the important skills and knowledge that >(>u 

; will be expected develop befc^re yi^u can become a qualified teacher. 

; Such a process of development will take place continuously and will 

; have started already. Indeed, yt^ur previc^us experiences, prior to beconi- 

i ing a student teacher will already have contributed to your development. 

Now that you have begun lo get to know your school. yt)ur mentor 1 

• and yourself better, it is appropriate to look in some detail at where ^ 

i yc^u are now. \ 

' Oh jet tire i 

You sluHild kntuv what is expected t^f yt)u during your tunc in school 
and you sliould be able tt» explain the programme of activities that has 
been made for \ ou. 

1 his exercise h,i> three parts each with a specific aim: 

• Part 1 iiuoKes looking critically at the ciMiipetencies see if 
their meanings are clear and to see if you can find any limitations 
that they may present in describing what being a teacher in- 
\c»l\ es. 

• l\irt 2 in\t>l\es individually writing your tuvn, possibly tenta- 
tive, assessment of" your posititMi u itli respect to these criteria and 
an\ other criteria that ymi think are helpful. The aim (>f this part 
is to lielp yi^i to see the prt>gress that ycui have made and to 
identify areas where ytui vvil! need tt> f\)cus in the coming weeks. ! 

• Part 3 invi^lves discussing yi»ur tuvn assessment vvith your men- 
tor. The aim i)f this part is tt> give vtni an indication t>f yt)ur 
prtigress as seen by otiier pet^ple and to prtivide you vvith concrete 
suggestions which will help in ytuir devek^pment. 

• After yon liave giuie through tliis exercise your men 'or will 
explain the timetable c^f activ ities .uid classes thai have been 
aiiangcii h>i vou so that \i>u tan see ihe opportunities that \ou 
will have tv> develop the ciMiipeteneies that you have discussed. 



Progress and Potential 



11.2b Assessing Starting Positions 

A/t7ifi>r'< Brief 

Aim • This activity is designed lo give the student teachers an opportunity 
lo get some feedback early in their time in school about the initial 
impressions that they have created. By making it an explicit activ- 
ity it may give you a forum for feeding back comments that other 
staff and the pupils may have made to you as well as to give you 
an opportunity to make your own appraisal of the student teachers' 
initial impact on the school. 

Time • 1 hour for the student teacher 
• '/: hour discussion with mentor 

Being a teacher is not just about the quality of the learning and teaching that 
giK's ou in the classroom. Being a professional has wider implications and 
respt>nsibilities. It is important that you are able to maintain the student teachers' 
devcKtpment throughout their time in school. To do this requires regular 
intervention on your part. riiCi inter\ ention imolves you in focusing the 
student teachers on their prt^gress. As well as utilizing your own ideas during 
thi.s exercise. vt>u slunild ha\e collected comments from other staff either 
formallv. or more likely. inft>rmally about their initial impressions of the 
student teacher, ^'ou may ha\e alst> picked up comments from pupils that 
inav be useful m the discussion. 

In>fnu liofi." 

• I xpkiin to the student teachers that the aim of this activity is to give 
them an oppt>rtunity to get some feedback early m their time in school. 

• After writing dt»vvn what impression they have tried to give and what 
iuipressit>n they think that they have given in their first few days in 
schtH)l. vou shtHild read through what they have written and com- 
ment on it. You must be very careful to be as fair, as positive and as 
helpful as pi^ssible. You may wish ti^ make it a reciprocal activity, that 
IS you allow the student teachers to give their impression of you. This 
must be haiulkd with .is much tact .is is necessary to make sure that 
the end result is pt)sitive in terms t>f enctuiraging the student teachers 
to imprt»ve iMi what they are doing because they believe that it is 
necessary not simply because ycni tell them that it is desirable. 

O 
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lyiscussUni points 

Ideally, the student teachers should feel reassured that they have made a good 
start to their time in school and should have some positive feedback from you 
and your colleagues. They should also have clear ideas, on paper, about what 
they should aim to do next. 

Student teachers who have started badly need to counselled ^N'isely. It is 
better to flag points now than to have to deal with more established problems 
later. Don't just give problems — give solutions. Common problems include: 

• Over-familiarity with pupils 

• Not being sensitive to the micropolitics of the department or the school 
(e.g., sitting in 'someone's' chair in the staffroom can be perceived as 
insensitivity) 

• Being too demanding of busy staff members' time 

• 'Knowing everything about education' 

• Being over-critical of what they see in the school. 

Solutions generally start with an appreciation of the problem. If you can't 
see the problem, then you don't need to worry about a solution. Most of the 
problems above require the student teacher shifting the locus of his or her 
concern from themselves to others, i.e., thinking about other people's needs 
and wants as well as focusing sc^lely on themselves. Fknv effectively the student 
teachers can do this depends on his or her personalities and your effectiveness 
at persuasion. 



11.2b Assessing starting positions I 

Student 'reaiher\< Brief j 

■t 

This activity will give you an opportunity tc^ get feedback about how \ 

you are doing so far in schoc^l. You dcui't always see yc^urself as others j 

see you and sometimes you may give a complet ly false impression of \ 

yourself without realizing it. Iknvever. it can be argued that you are i 
what other people thnik yt^u are. 

}n<tnution> 

• Write dt>wn what impressitMi y{Uj have been trying to give 
during yt^ur time in schot^l. Cii\e stMiie examples tW' what you 
have been doing tc^ create a positive impressitMi. This sluuild 
take about 20 nunutes. 

• U'rite d(uvn anything that you wish you hadn't done or said \.o a 
pupil anti to members of staff, ^^hi^ sluuiUi take in minutes at nK>st. 

• \om mentor will ix\u\ vvhai )ou write and will then discuss 
what you ha\e written. 
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11.3 What Progress have I Made? 

Mctiior's Brief 

Mm • At the end of the activity you should both have agreed on the 
progress that you think has been made and on the improvements 
that' you want to see. The student teacher should be aware of the 
help that you will give them to assist in making the miprovements. 

7'/>Mt • 1 hour for the student teacher 
• V: hour discussion witii mentor 

This activity is an opportunity for you and the student teacher to take stock 
of the progress that you have both noticed during the first few lessons that 
you have seen. You will peed to have collected together the notes that you 
(and other staff) may have made about the student teacher's lessons. You wih 
need to have checked with the technicians whether they have had enough 
notice of apparatus requisitions or whether they have noticed above average 
breakages or amounts of equipment missing. You will need to ha\c looked 
at the books that the student teacher has marked and talked to some of the 
pupils that have been taught by the student teacher. 

hi>ntiitioti< 

Wni may find it useful to start with the ')n2 competence list that you may 
ha\e used in Activity 11.2a. You could go through this hst but that may not 
be an ctTicicnt way of prtueeding. it may be better if ytui focus on the broad 
headings (see page 202) and use the specific competences if you need to ex- 
pound on points. 

it is ditricult at this stage to be positive yet realistic. Problems sometimes 
iKcur when mentors have not gi\en student teachers adequate indications that 
there are areas where they ha\c st.me cor.cerns about the le\el of performance. 
It is critical th.it vou point out as clearly and as carefully as you can what im- 
prcnemeiits you think are necessarv and achicNable over the next few lessons. In 
activity 1 1. Id. you di^cussed ways preempting problems have any ot these 
pri^blems occurred- Has the student teacher resptMuied to the advice otTered? 



/ )i>o/>>/i»H points 

At the end of this actiMts vcui sluuild both have a written record of the 
progress that the students' made si. far and of the iin])ro\ enients that the 
students going ti^ try to make. It is important that the students agree to make 
changes ( if necessary) in what the\ are giung to do. 
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\ 11.3 What Progress have I Made? ! 

• I 
\ Stmient 7V<Jt'/u'rV Brief ! 

Now that you have taught a few lessons you should have a clearer idea 
about how much progress you have made, what you think your .strengths 
I are and where you think you need to make improvements. Your per- 
ceptions may not be the same as other teachers or indeed your pupils. 
The purpose of this activity is to give you a chance to stand back and, 
with your mentor, to focus on your progress, 

! Instructions 

1 
i 

j • Collect together all the feedback that you have had on your 

j teaching so far. 

j • Under the following headings write down the comments that 

; people have made and then add your own comments. You may 

need to refer to the list of competences that you looked at earlier 
in the term: 

Subject Knowledge 
Subject Application 
Class Management 
j Assessment and Recording of Pupils* Progress 

j Further Professional Development. 

j • You can either write down the answers to the following ques- 

1 tions or you can discuss them with your mentor or both: : 

] What progress have you made? 

\ What has gone well? ' 

3 What would you not do again and why? 

j What improvements do you need to make? 

J What goals can you realistically attain over the next few 

weeks? 

If you could change three things, what would thev be (and [ 



11.4 Mid-term Review 

Mentor's thief 

Ann • This activity is another opportunity for you and the student teacher 
to take stock of the progress that you have both noticed half-way 
through their time in school. At the end of the activity you should 
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both have agreed on the progress that you think has been made and 
on the improvements that you want to see. The student teacher 
should be aware of the help that you will give him or her to assist 
in making the improvements. 

llnic • 1 hour for the student 

• '/; hour discussion with mentor 

Bdcki^rouiiJ 

You will need tc^ have collected together the notes that you (and other staff) 
may ha\e made about the student teachers' lessons during their teaching 
experience and any other relevant data (marked books, requisition slips or 
apparatus orders, ^copies of reports to parents, etc.). 

Ifi<(ruition.< 

Acti\ity 11.4a in\olves drawing a profile of how they felt at different pt)inls 
in the time in schoc^l. Use this as a way into discussing the relationship be- 
tween, how one performs, the feedback that one gets and the way that one 
feels. 

Activity 1 1.4b involves the 9/*>i2 competence list that you may have used 
in Activity 11.2a. Once the student teacher has had sufTicient time to go 
through the list of competences, you need to discuss their progress and to 
agree what changes you need to see and what heln you are going to give. 

Sutnniii ry 

It is critical that you point out as clearly and as carefully as you can what 
improvements you think must be made. By this time, the student teacher's 
habits may be resistant to change and it will require you to agree clear plans 
for action. 

At the end of this activity you should both have a written record of the 
progress that the student teachers have made so far and of the improvements 
that they will make, it is critical that the student teachers agree to make 
changes (if necessary) in what they are going to do. 

lL4a Mid-term Review 

SllhU fU 'l'Cihln t'> Ihii t 

N<)W that you arc halfway through your teaching practice, you slu>uld 
have a clear idea about \our progress. I he purpose of this activity is to 
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sum up your progress and to use that intornutit)n to decide what actions 
vou are going to take next. 

i ' : 
i 

• Instructioui: 

i J 

I • The diagram below shows a sinipHficd version of a student | 

j teacher's profile of their teaching practice. The shape of the line 

I represents how they felt at the time and the words sum up the 

I reasons for the highs and lows. i 

: i 




Lost temper wth 9Z 



F gijre t ' ' One s'udCfVi te^cf'ter 's h,Qf^ no'nt^iow poin: profile presented at <r? 
/>' d'tern-: review. 



, • Now , ycui should draw a more det.iiled profile for your time in 

the school. You will use the final profile as a guide to planning 
the targets for the next part of your teaching practice, (.'ollect 
together all the feedback that ycui ha\e had on your teaching so 
tar. 

1 

i 

U.4b Assessing your Competence 

i Sfiuh'nf Tciiiiio's Hfit'f 

I 

I hhtmttions 

• Using the list of competences as a guide, write dtA\n what e\id- 
, ence y(Hi ha\e about your progress. You will need discuss 

what you ha\e written with \our mentor. 
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• Yi^u can eiihcr write down the answers tc^ the following ques- \ 

{ions or you eaii diseuss them vvitli your mentor or both: j 

What progress have you made? \ 

What has gone well? j 

What would you not do again and why? j 

What improvements do you need to make? | 

What goals can you realibticaiiy attain over the next tew. | 

weeks? j 

If you could change three things, what would they be (and . 

why)? I 



11.5 Windows of Opportunity 

Mentor'^ Ihicf 

Aims • l o provide a the student teacher with a summative assessment of 
tiieu- progress. I'o prt>vide an opportunity to set targets tor the 
student teacher ni terms of future progress. 

i'ititc • 1 hour tor the student teacher 
• '1^ iiour discussion with mentor 

Any tormal assessment of the studetU teacher sliould ha\e been completed 
beti)re doing this actixity. As one act comes to an end, another is about to 
begin, Now is a time to look forward to the next steps in the student teadiers' 
career. A time to think of what prt^tessioiuil development they will need. 

Instrtutfotis 

• Botli you and the student teacher sliould write dt)wn U\c positive 
p(»mts about their teaching pertormance. 

• You should both also write down five areas lor impro\ement. 

• Compare what you have written and then put them into groups as 
indicated on the activity sheet. Only three of the four 'windows* (A. 
li and (!) will have int(»i maticMi in them. 

• Yiuir task is to suggest further professiiMial (le\elopment that the 
sudent teachers should consider, both short term and long term. Join- 
ing prntessit>nal organizations. INSb/f, further degrees, etc. all have 
stmiething lo otfer, 
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ni.Hiission points 

Window 1) rcprescius points that neither of you know about at present. Hie 
pi>int to make here is that either another per son or a more careful observation 
i>n your part or the student teacher's part would be needed to provide some- 
thing for the fourth window. This involves the student teacher in critical 
self-reflection or the collection of information from other sources, hi Chapter 
1 reference was made to teachers as professionals being critically reflective 
about their own practice. The reflective teacher builds in to their routine work 
systems to continue professional development. 

: 11.5 Windows of Opportunity 

Student 'I't'iiihcr's Brief 

i 

] liy now, you will have h.-.I a \ariety of experiences and you will have 
I learned a lot abcnit teaching and about yourself. Your mentor will have 
; given you feedback about your prtigress and about your potential. The 
; purpose of this fnial activity is to share your perceptions about where 
you are and where you need to go next, in terms of beccMiiing a better 
! teacher, 

' Instuicrions 

• Write diuvn five positive points about your teaching and five 
■ areas for improvement, 

• Ytuir nicnti^r will also write down points about your teaching. 

• When you have both fmished, compare what you have written 
and put the points into one of the four 'windt)ws' below: 



Table / M A 'cviow grid for placing saif-analysis ana mentor comments for 
con^pj'ison and discussion 



. j ] Known by student teacher Not known by student teacher 

\ I \ ■ t 

■ Knovvn by , ^ ^ 

I j Not known . ^. 



' riie mfornuition m Window A is known to you both; 

: The inforination in Windows B and C. was hidden from i)nc 

! of you and is now kmnvii; 

riicre will not be anything in Window I). 
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How do you find out what is in Window D? 

Oitical sclf-rcflcction is not automatic and you will need to develop 
wayN of reducing the size of window 1). Collecting feedback from pupils 
in a systematic way is one of the most useful things you can do. For 
example, monitoring pupils' test results, as in activity 10.5 is a technique 
you should consider as a routine part of your work. 



Appendix 1 — Teacher Competences 
Reproduced From D£E Circular 9/92 



2. c:c)mpetenc:es expected of newly qualified teacmers 

2.1 Higher education institutions, schools and students should focus on 
the competences of teaching throughout the whole period of initial 
training. The prc)grcssive development of these competences should be 
monitored regularly during initial training. Their attainment at a level 
appropriate to newly qualified teachers should be the objective of every 
siudeiu taking a course of initial training. 

Subject Knowledge 

2.2 Newly qualified teachers should be able to demonstrate: 

2.2.1 an understanding of the knowledge, concepts and skills of their 
specialist subjects and of the place of these subjects in the school 
curriculum; 

2.2.2 knowledge and understanding of the National Curriculum and 
attainment targets (NCATs) and the programmes of study (PoS) 
in the subjects they are preparing to teach, together with an under- 
standing of the framework of the statutory requirements; 

2.2-3 a breadth and depth of subject knowledge extending beytmd PoS 
and examination syllabuses in school. 

Subject Application 

2.3 Newly qualified teachers should be able to: 

2.3. t produce coherent lesson plans which take account t>f NC!A'I\ and 
of the school's curriculum policies; 

2.3.2 ensure continuity and progression within and between classes 
and in subjects; 

2.3.3 set appropriately demanding expectation^ for pupils; 

-^^^ r> 
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2.3.4 employ a range of teaching strategies appropriate to the age, abiUty 
and attainment level of pupils; 

2.3.5 present subject content in clear language and in stimulating 
manner; 

2.3.6 contribute to the development of pupils' language and commun- 
ication skills; 

2.3.7 demonstrate ability to select and use appropriate resuurces, in- 
cluding Information Technology. 



Class Management 

Newly qualified teachers should be able to: 

2.4.1 decide when teaching the whole class, groups, pairs, or indivi- 
duals is appropriate for particular learning purposes; 

2.4.2 create and maintain a purposeful and orderly environment for 
the pupils; 

2.4.3 devise and use appropriate rewards and sanctions to maintain 
an effective learning environment: 

2.4.4 maintain pupils' interest and motivation. 



Assessment and Recording of Pupils' Progress 

Newly qualified teachers should be able to: 

2.5.1 identify the current level of attainment of individual pupils using 
NCATs. statements, and attainment and end of key stage state- 
ments where applicable: 

2.5.2 judge how well each pupil performs against the standard ex- 
pected of a pupil of that age: 

2.5.3 assess and record systematically the progress of individual pupils; 

2.5.4 use such assessment in their teaching; 

2.5.5 demonstrate that they understand the importanLv of reporting 
to pupils on their progress and of marking their work regularly 
against agreed criteria. 



Further Professional Development 

Newly qualified teachers should ha\e acquired in initial training the 
necessary foundation to develop: 

2.().1 an understanding of the school as an institution and its place 
within the community; 
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2.6.2 a working knowledge of their pastoral, contractual, legal and 
administrative responsibilities as teachers; 

2.^.3 an ability to develop effective working relationships with profes- 
sional colleagues and parents, and to develop their communica- 
tion skills; 

2.(>.4 an awareness of individual differences, including social, psycho> 
logical, developmental and cultural dimensions; 

2.6.5 the ability to recognize diversity of talent including that of gifted 
pupils; 

2.6.6 the ability to identify special educational needs or learning 
difViculties; 

2.6.7 a self-critical apprcuch to diagnosing and e\aluating pupils' learn- 
ing, including a recognition of the effects on that learning of 
teachers' expectations; 

2.6.8 a readiness to promote the moral and spiritual well-being of pupils. 
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Appendix 2 — List of Useful 
Addresses 



Tlie Association for Science Hducation 

C College I anc. 

Hatfield. 

Herts. 

A I 10 ^)AA 

lel; 07072-07411 

The National SATRC) c;o-t)rdiiiator 

Science. Design and 'rechm>logy Centre. 

Middle Lane. 

Kingsly. Nr. iTodshani. 

C'lioshire. 

WAf^ 1/ 

Tel: 0^^2S-7SSSS4 

British Society for the History of Scteiice 

31 . High Street. 

Stanford m the Vale 

F*aringdon 

Oxon. 

SN7 Si H, 

Tel: 03(w-71SWM 

Note: iToni U)th April P^^^S 07072 017072 

()M^7 01.V>7 
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Fifty school-based activities are packed into this text providing all those 
involved in training science teachers - pre-service. in-service and 
quality control - with a unique resource. Targeted at the pre-service 
teacher and mentor, the nine areas of sciencf? teacher competence are 
crossed with five levels of progression to provide a flexible programme 
of training. Each activity has a commentary for mentors as well as 
notes for student teachers. Five of the activities are specifically written 
to help mentors review progress at each of the five levels. The 
commentaries and notes are designed to support the 'what' and 'how' 
of the activities with some 'why' and 'when'. 

Whilst focused on pre-service training, the materials can be used by 
experienced teachers to refresh their own practice; Heads of science 
departments can selectively use activities for upgrading science 
teaching within their departments; and those concerned with quality 
control and certification can recommend activities to aid further 
professional development. 

The editors. Martin Monk and Justin Dillon, and the contributors, 
Philip Adey. Bob Fairbrother, Christine Harrison, Jonathan Osbourne 
and Rod Watson, are members of the Science Education staff in the 
Centre for Educational Studies at King's College London. Collectively, 
they represent 175 years of experience in laboratories and classrooms, 
working with pupils, student teachers and teacher trainers. They have 
considerable experience of authoring and editing secondary science 
textbooks; devising and compiling curriculum materials; consultancy 
work; contact work for overseas teacher training; educational research 
and research publications. 
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